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Robot for handling hazardous objects 


See poge 33 








Victoreen’s HI-MEG resistors were developed 
for use in electrometer circuits where stabil- 
ity, accuracy, and high humidity operation are 
of prime consideration. The resistor element 
is vacuum sealed in a glass envelope and the 
glass has been treated with a special silicone 
varnish to reduce the effects of humidity to a 
minimum, The resistor is carefully aged to 
assure stability and reliability. 

These precision resistors are often used with 
Victoreen’s electrometer tubes to measure ex- 
tremely small currents. This combination has 
found wide application in radiation-detecting 
instruments, photocell circuits, mass spectro- 


meters, and leak detectors. 


Those who use these HI-MEG resistors will 
concur with us that these are the finest re- 


sistors available for large values of resistance. 


BETTER COMPONENTS 
MAKE 
BETTER INSTRUMENTS 
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HI-MEG RESISTORS 


e«»NOW AVAILABLE 
IN RTMA VALUES 


FROM 10° to 10'? OHMS 


STANDARD VALUES 


2.2 
2.7 
3.3 
3.9 
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SCINTILLATION COUNTER 


For High Efficiency Alpha, Beta, Gamma, and 
Thermal Neutron Counting 


This universal G-E scintillation counter is used to measure the 
disintegration rate of any sample which will fit into the two-inch 
diameter chamber. It detects alpha, beta, gamma, and thermal 
neutron radiation by the use of interchangeable phosphors. Sample 
smears from contaminated surfaces can be counted to determine 
the degree of health hazard. Any standard scaler can be used for 
counting, provided it supplies positive high voltage and has an 
input sensitivity of about '% volt. Phosphors can be rapidly inter- 
changed. Fits any standard scaler. Large sample chamber. Bulletin 
GEC-693A. 


LOW-BACKGROUND BETA COUNTING USING HIGH SENSITIVITY LOW-BACKGROUND 
ALPHA COUNTING ANTHRACENE CRYSTALS GAMMA COUNTING THERMAL NEUTRON COUNTING 
@ Background: One or two counts @ Background: 30-40 counts per @ 50,000 counts/min/mr/hr ® Gamma fluxes up to several 
per hour minute @ Zero background count R/hr produce negligible count- 


@ Plateau length for thin alpha @ Plateau: Slope of the order of @ Toluene plus p-diphenyl-ben- ing rates. 
source: 150 v. 1.2 zene liquid phosphor ® Counting efficiency: 25% 
@ Zinc sulphide phosphor @ Plateau: Slope is of the order 
of 5. 
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sf PORTABLE RADIATION PROBE 


Interchangeable Caps Provide Selective Detection 
by Highly Efficient Scintillation Method 


A portable model of the scintillation counter described above. 
Background and plateau length are essentially the same for each 
respective phosphor. Extremely high thermal neutron counting is 
made possible by the use of a special G-E phosphor, far superior 
to enriched boron counters. Thermal neutrons produced by re- 
actors and particle accelerators readily counted. In general health 
physics work, the thermal neutron detecting unit is especially 
useful. 
Using a ZnS screen for alpha counting, background count is 
limited to 2 to 5 counts per hour where high-accuracy counting A standard connector at the rear of the probe al- 
is required. Sodium iodide crystals used in the gamma detecting lows connecting cable of any length up to 50 feet. 
cap are encased in transparent plastic and mineral oil to eliminate Cable is not supplied with probe but can be obtained 
moisture absorption and retain high sensitivity. at slightly extra cost, if desired. Bulletin GEC-823. 


G-E RADIATION LABORATORY EQUIPMENT AND COMPONENTS AVAILABLE 


Accelerators, Particle Controls, Servo Detectors, Beta Meters, Survey, Power Supplies, Regulated Transformers 
Alnico Permanent-magnet Controls, Temperature Detectors, Gamma Radiation Pyrometers Tubes 

Materials prea — F seearesg er Meters, X-ray Intensity Readers, Pocket-chamber- ignitron 

ounters, Beta etectors, Neutron Microammeters electrometer Mass-spectrometer 
pa Counters, Gamma Detectors, X-ray Milliammeters Recorders, Radiation Photomultiplier 

, an Counters, Neutron Furnaces, Electric Monitors, Area Relays, Sensitive Rectifying 

Chambers, lonizatio Counters, Proportional Gages, lonization Monitors, Personne! Remote Handling Devices Thyratron 
Controls, Liquid Level Counters, Radiation Galvanometers Motor-generators Silicone Grease Voltage-regulating 
Controls, Millivoitmeter Counters, Scintillation Heaters, Induction H.F. Motors, Fractional-hp Silicone Rubber X-ray 
Controls, Motor Counters, X-ray Instruments, Recording Oscillographs Spectrometers, Mass Voltmeters 
Controls, Pressure Crystals, Scintillation Insulators, Quartz Oscilloscopes Thermocouples X-ray Diffraction 
Controls, Remote Detectors, Alpha Magnetizers Plastics, Protective Timers Apparatus 
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LONG-PROBE 
GAMMA SURVEY 
METER 


This scintillation meter is designed for use in areas The G-E Long-Probe Gamma Survey Meter consists of a 
where high-level monitor and survey work must be carried gun-type probe and power supply. The probe is 6 feet long. 
out. The six-foot probe can help locate the beam of par- 
ticle accelerators without endangering personnel. It is use- 
ful in monitoring areas from behind lead protective shields. 


The detecting head houses the photomultiplier tube and 
phosphor. The handle contains the d-c amplifier and in- 


dicating microammeter. A range switch provides 5 ranges 
FEATURES 


f : ‘ 
bightwolght end coughetily gettalite rom 0.3 to 3000 roentgens per hour. Power is supplied 


Long probe affords maximum protection from batteries in a lightweight carrying case. A special 
Gun-type, sure-grip handle feature makes it possible to ‘‘zero”’ the instrument in the 


Large, easy-to-read indicating meter presence of radiation. Bulletin GEC-732A. 


ENRICHED BORON COATED COUNTER TUBE 


For High-efficiency Neutron Counting 


The G-E boron coated counter tube detects slow neutrons with high effi- 
ciency. It is a proportional counter with a thin metallic coating ,of boron 10 
on the inner surface of the cathode. The boron 10 nuclei absorb slow neutrons, 
then disintegrate into two fragments — one an alpha particle and the other 
a Lithium 7 nucleus. Both these particles ionize heavily, thus giving an accu- 
rate indication of thermal neutron intensity. 


FEATURES 
® Five times as efficient as natural boron ®@ Free from spurious count ® Re- 
placeable gas filling @ Bulletin GEC-732. 





POCKET-CHAMBER ELECTROMETER 


An extremely high-quality, self-balancing electrostatic potentiometer designed 
for rapid, accurate, and trouble-free reading of pencil-type pocket ionization 
chambers. Equipped with standard 4-in. meter for direct reading on a 250-milli- 
roentgen logarithmic scale. Sensitive element is a reflecting electrometer in self- 
contained cartridge unit. Input resistance greater than 10'’ ohms. Designed for 
both standard Victoreen and Landsverk pencils. Input power: 105-125 volts, 50/60 
cycles, approx 40 watts. Requires no batteries, has an accuracy at 2% of full scale 
in terms of voltage. Ambient temperature: 0-40 C. Meter indicates rapidly without 
overshoot. 
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RADIATION MONITOR Mode! No. 45N11A3 


An integrating, self-charging device for measuring milliroentgens of gamma 
radiation. An easily read pointer-type electrostatic voltmeter, an ion chamber, 
and an electrostatic generator that requires no batteries, tubes, or external 
power supply are included in this compact unit. Great simplicity and design 
safety factors provide a convenient and reliable instrument. Scale range is 
20 milliroentgens. 


APPLICATION: 1. Monitoring stray radiation to assure safety of personnel in 
such areas as: (a) Laboratories where radioactive isotopes are handled. (b) 
Control room and other locations near medical, dental, or industrial x-ray 
equipment. (c) Areas around particle-accelerator installations. 2. Monitoring 
in other locations which may be subjected at some time to nuclear radiation. 
3. Classroom demonstrations of radioactivity and laboratory experiments 
with radioactive materials. 


* AIR-EQUIVALENT IONIZATION CHAMBER 


| Aijr-equivalent Type (C): Detects beta, gamma, and x radiation. 
Can be used as primary detector of radiation. Sensitive to beta, 
gamma, and x rays with sliding window open, gamma and x rays 
with window closed. Used for radiation monitoring in atomic-energy 
plants, health-monitoring in x-ray installations and laboratories where 
| radioactive isotopes are handled. Calibrates radiation instruments; 
suitable for CD monitoring. The ionization chamber is the primary de- 
tecting element for the area health monitor described below. It is 
Savailable separately for use as a primary detector of beta, gamma, 


and x radiation. 


STYPICAL APPLICATIONS: Radiation monitoring in atomic energy plants 
©® Health monitoring x-ray installations @ Civil Defense ® Calibration 


Sof radiation instruments 
« 


AREA HEALTH MONITOR 


Indicates, integrates, totalizes, and tele- 
meters gamma radiation. Provides weekly 
or monthly integrated record. In addition, 
an alarm is set off when either average in- 
tensity or total radiation exceeds preset tol- 
erance limits. Laboratories, atomic-energy 
plants, hospitals, and cities can use it for 
safety and civilian-defense equipment. Typi- 
cal range is 3 mr/hr to 30 mr/hr full scale. 
Accuracy+10% in range of 50 kv to 1.5 
my. Utilizes air-equivalent-type ionization 
chamber. 


van 


HA 


PHOTOELECTRIC 
RECORDER 


OSCILLOGRAPHS 


TYPE PM-10 

Used in the investigation, design, or 
testing of various machines and de- 
vices. Can record up to 12 variables at 
once. Simultaneous viewing and re- 
cording. Timing lines 1/60 or 1/100 
second apart. 


TYPE PM-18 
Combines versatility and ease of 


Has high sensitivity and 
fast response. Uses mirror- 
type basic element to re- 
cord rapidly changing 
phenomena with minimum 
burden on the measured 
circuit. Records micro- 
amperes, millivolts, and 


operation with low cost. Produces fin- 
ished oscillograms in one minute with 
Polaroid-Land film holder. Can record 
four quantities simultaneously. Light 
in weight (30 Ib), entirely self-con- 
tained. 














watts directly; also used 
with accessories to meas- 
ure temperature, light, 
speed, vacuum, magnetic 
flux, and other nonelectri- 
cal quantities. 


WA 
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Indicating and Controlling 


THERMOCOUPLES 
COMPONENTS AND 
ACCESSORIES 


For use with pyrometer equipment. 
Includes variety of assemblies, ther- 
mocouple and extension wires, pro- 
tecting tubes, wells, ceramic insula- 
tors, heads, connector blocks, and 
thermocouple switches. 


New Oiltight 


PUSH-BUTTON UNITS 


A new push-button unit with build- 
ing-block construction. It provides 
flexibility to meet requirements for 
special units by simple combination 
of the basic elements, which consist 
of separable operators, a removable 
color ring, and a basic contact block. 


NEW SEPARABLE OPERATORS: 

Operators and contact blocks are 
furnished separately. Single, double, 
or tandem contact blocks are quick- 
ly and easily attached to any type 
of operator. 


NEW-TYPE CONTACT BLOCK 

A single-pole, double-throw con- 
tact block. Double-pole, double- 
throw combinations made by mount- 
ing 2 units on the same mounting 
plate to form a single compact as- 
sembly. Or . . . new tandem com- 
bination giving 4 normally open and 
4 normally closed contacts can be 
made by combining 4 blocks with a 
simple adapter plate. New Self-a- 
line contacts assure true double 
break. If stationary contacts become 
misaligned, the movable contact will 
align with them and will retain that 
new alignment. 


vvAUT LLtHaN| NETH itd 


PYROMETERS 


Designed for the indication and control of 
temperature in industrial and atomic-energy 
processes and for the protection of heat- 
process equipment. They are ideally suited 
for use in remote control for the processing 
of highly radioactive solutions. This is particu- 
larly important when these operations must 
be carried on behind thick radiation shield- 
ing. A pyrometer protector, used in addition 
to controller, protects equipment by shutting 
down the process at preset temperature 
above control point in case controller fails. 

Close control of process temperature: 
movement of pointer equivalent to 0.1% full 
scale initiates instantaneous corrective action. 
Indicator accurate to +0.75% full scale. 
Has high resistance to shock and vibration. 
Two- or three-position controllers available. 
Both setpoints for three-position controller 
independently adjustable. Flush or surface 
mounting. Automatic cold-junction compen- 
sation and thermocouple-break protection 
standard on all controllers and protectors. 


NEW METHOD 

OF COLOR 
IDENTIFICATION 
The color coding of this new 


oiltight line is in a removable 
color ring which screws onto 


ok 


att 








1952 Catalog 
G-E MEASURING 
EQUIPMENT FOR 
LABORATORY AND 
PRODUCTION TESTING 


General Electric's testing ond meas- 
uring equipment intended for use in 
the laboratory and on the produc- 
tion line. Products range from simple 
current indi to the completely 

it ti illographs; from rough- 
ness scales to the mass spectrometer. 
This 80-page catalog is to serve as 
o ref — to indicate briefly the 
many devices avoilable for complex 
measurements, 125 different de- 
vices are shown in this catalog. A 
brief description of each product 
with its price is included along with 
its field of application and con- 
densed tables of important charac- 
teristics. 




















A-C CONTACTORS 





a neutral-colored button. Rings 
are available in black, red, 
green, yellow, and white. A 
push button or selector switch 
of any color may be converted 
to any other color merely by 
interchanging color rings. With 
a few separate color rings you 
can save time and money in 
making up special forms. 


20 COMBINATIONS POSSIBLE 

With the use of 2 operators, 
5 color rings, and 2 contact 
blocks, 20 combinations can 
be made to fill the need for 
special units. 








These General Electric CR2810 and 
CR2811 contactors provide in a small space 
a simple, sturdy means of controlling power. 
They may be used to handle almost any type 
of load. 


FEATURES: Long Life... Exclusive strong-box 
coil; no metal-to-metal friction; good magnet 
design; simple moving structure. Easy Mainte- 
nance . . . Contacts easily removed without 
disturbing wiring; contact spring cannot be 
lost; easily disassembled. Flexible . . . Tips 
readily changed from normally open to nor- 
mally closed without additional parts; double 
circuit interlocks available; coil easily re- 
placed. 
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PULSESCOPE. 





Model S-4-A 


"Model $-5-A 


PULSESCOPES are Oscilloscopes to portray the attributes of the pulse: such as shape, 
amplitude, duration and time displacement. Both of the PULSESCOPES have Video ampli- 
fiers with frequency response up to 11 megacycles with Video delay of 0.55 microseconds 
and pulse rise and fall time better than 0.07 microseconds. 


S-4-A SAR PULSESCOPE—Video Sensitivity 0.5vp 
to p/in. S Sweep 80 cycles to 800KC, either trigger or 
repetitive. A Sweep 1.2 microseconds to 12,000 micro- 
seconds. R Delay 3 microseconds to 10,000 micro- 
seconds directly calibrated on precision dial. R Pedestal 
(or Sweep) 2.4 microseconds to 24 microseconds. In- 
ternal Crystal Markers 10 microseconds and 50 micro- 
seconds. Size 944x11!4 x17". Weight: Less than 
32 pounds. 


S-5-A LAB PULSESCOPE— Video Sensitivity 0.1vp 
to p/in. Sweep 1.2 microseconds to 120,000 micro- 
seconds with 10 to 1 expansion. Sweep either trigger 
or repetitive. Internal Markers synchronized with 
Sweep from 0.2 microseconds to 500 microseconds. 
Trigger Generator and built-in precision amplitude 
calibrator. Completely cased. Size: 1614 x 144% x 1414”. 
Weight: Less than 60 pounds. 


WATERMAN RAYONIC TUBE DEVELOPMENTS 


Since the introduction of Waterman RAYONIC 3MPI1 tube for miniaturized oscillo- 
scopes, Waterman has developed a rectangular tube for multi-trace oscilloscopy. Identi- 
fied as the Waterman RAYONIC 3SP, it is available in P1, P2, P7 and P11 screen 
phosphors. The face of the tube is 1!4"’ x 3’ and the over-all length is 9!4"’. Its unique 
design permits two 3SP tubes to occupy the same space as a single 3’’ round tube, a 
feature which is utilized in the S-15-A TWIN-TUBE POCKETSCOPE. On a standard 
19” relay rack, it is possible to mount up to ten 3SP tubes with sufficient clearances for 
rack requirements. All RAYONIC cathode ray tubes are available in P1, P2, P7 and 


P11 phosphors. We are authorized to supply 3SP1, 3JP1 and 8JP7 with JAN stamp. 
All RAYONIC tubes listed below operate on 6.3 volts heater with .6 amp. current. 


3 MP 





PHYSICAL DATA 


TYPICAL VOLTAGES 


DEFLECTION 


FACTOR V/IN. MAX. VOLTS 





Face Length Base 


Anode +3 | Anode #2 | Anode #1 


Grid #1 DitoD2 | D3te D4 | Anode #3 | Anode #2 








Medium 3000 


300 te 515 | —22.5to —67.5| 127to 173 


94to 128 
4000 2000 





tease 10 inches | Diheptal 
12 Pin 4000 


400 te 690 


—30 to —90 170 to 230 | 125te 170 





Zinch 


Small 200 te 350 
PR, A, 


Oto —68 140 to 190 | 130to 180 





Seeteit 8 inches 


12 Pin 400 to 700 


Oto —126 280 to 380 | 260 to 360 





Small 165 to 310 | —28.5to —67.5| 731099 


52te70 











1 
cat 9.12 inches} D 
—— 12 Pin 























33010620 | —58to —135 




















146to 198 |104to 140 











HIGH GAIN 
INDUSTRIAL 
POCKETSCOPE 


WIDE BAND 
POCKETSCOPE 
MODEL S-14-A 


HI, WIDE and HANDSOME POCKETSCOPES are 
characterized by small size, light weight, and out- 
standing electrical performance. All units have fre- 
quency compensated attenuators as well as non-fre- 
quency discriminating gain controls. All units have 
both periodic and trigger sweeps from '% cycle to 
50KC. The amplifiers are direct coupled thus fre- 
quency response starts from 0 cycles. No peaking coils 
are used, thus, the transient response is good. Full 
expansion of trace, both vertical and horizontal, is 
built in. Means for amplitude calibration are pro- 
vided. DC coupling in POCKETSCOPES provides 
unusual stability of the trace, regardless of the line 
voltage changes or variations of impedances in the 


The Model S-11-A Industrial & Tele- 

vision POCKETSCOPE is a small, 

compact, lightweight instrument for 

observation of repetitive electrical cir- 

cuit phenomena. The Industrial & 

S-11-A Television POCKETSCOPE is a com- 

: plete cathode ray oscilloscope incor- 

porating the cathode ray tube, vertical, horizontal, 

and intensity amplifiers, linear time base oscillator, 

blanking, synchronization means and self-contained 

wer supply. The Industrial & Television POCKET- 

COPE can be used, not only for AC measurements, 

but for DC as well, inasmuch as it has vertical and 

horizontal amplifiers which are capable of reproducing 

faithfully within —2 db, from 0 to 200KC. The sen- 

sitivity of the vertical and horizontal amplifiers is high 
and is in the order of 100 mv rms/in. 


WATERMAN PRODUCTS 
Wanufacturers of POCKETSCOPES® + RAKSCOPES@® ~- PULSESCOPES@and RAYONIC TUBES@ 


TWIN TUBE 
MODEL S-14-B POCKETSCOPE MODEL $-15-A 
input circuit. The HI, WIDE and HANDSOME 
POCKETSCOPES are the outgrowth of Waterman 
pioneering of the first commercial miniature oscil- 
loscope, which has proved to be useful and reliable over 
a period of years. Combination filter and graph screens 
are used for better visibility, thus traces can be observed 
even under high ambient light conditions. Binding posts 
for convenience of connections, with an effective shield, 
are used. S-14-A has sensitivity of 10 mv/inch with 
pass band above 200KC. S-14-B has sensitivity of 50 
mv/inch with pass band above 1 megacycle. S-15-A is 
similar to S-14-A except that it has two independent 
CR Tubes for multi-trace oscilloscope work. Acces- 
sories such as carrying cases and probes are available. 


Model S-12-B RAKSCOPE 
has the features of S-11-A 
POCKETSCOPE, plus. The 
RAKSCOPE is JANized and 
the government model number 
is OS-11. The Sweep, from 5 
cycles to 50KC is either repetitive or triggered. Vertical 
and horizontal amplifiers are 50 millivolts rms per inch 
with band pass from 0 to 200KC. Special calibrating 
circuitry is provided for frequency comparison. Both 
the vertical and horizontal amplifiers are identical and 
use no peaking. The panel is only 7” high and the 
scope fits standard rack. The functional layout of the 
control permits ease of operation. 


§-12-B 


ae 


PENNA., U.S.A. 


CABLE ADDRESS, POKETSCOPE, PHILA. 





For Reliable Life-Long Performance 


RAYCHRONIX MODEL A-4 
ELECTRONIC SCALER 


® External Preamplifier © Remote control 
Featuring: @ Pulse height selector © Hermetically sealed transformers 


® Binary scale of 64 ® Terminal board wiring 


It is a well known fact that simplicity, when com- 
bined with sound electronic and mechanical design, 
promotes reliable performance. This is particularly 
true in laboratory scalers where the Higinbotham 
circuit has invariably proven at the major labo- 
ratories to give more service, less trouble, than more 
complex scaling circuits. 

The Raychronix Model A-4 employs the single 
binary circuit, to which have been added a number 


Please send me your A-4 technical bulletin 


of features for flexible operation. Performance has 
been proven by mass utilization at one site; mainte- 
nance records have enabled continual improvement 
to the point of exceptional reliability. 

For the full story on this quality-constructed, 
quality-performing scaler why not send today for 
the 4-page A-4 technical bulletin? If you wish, the 
Raychronix representative in your vicinity would 
also be pleased to arrange for a demonstration. 








tA, 
RAYCHRONIX 


Nome.. 


Title... 
RADIOACTIVE PRODUCTS, INC. 


Company. 
443 W. Congress ® Detroit 26, Michigan 


Address 


—-------------- 
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EAI’s Dataplotter --- 
An Electronic System That Converts 
Digital Data To An Analog Plot .-- 


em that will save countless man-hours and costs, and 
will insure accurate and clear presentation of data. 


This new Dataplotter, designed and developed by Electronic Asso- 


Here is a syst 


ally plot a cartesian curve composed of incre- 


ciates Inc., will automatic 
data at maximum machine 


mental points oF symbols from IBM card 
reading speed. 
It will accept data from other inputs — Magnetic tape, keyboards, 
digital computers, etc. 
It will retain Il times the basic accuracy of the digital system. 
Here’s what the Dataplotter_ system consists of : 
Variplotter Model 205G 
Digital-to-analog converter, Model 417 
Data input keyboard 
For further information, clip out and mail the coupon below. No 


obligation. 


Gentlemen Wovld you be kind enough to send me 
detailed information on your Datapiotter. 


Electronic Associates Inc. Nome . 


Long Bronch 
New Jersey 


Compony 
Address 
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EPCO VOLTAGE REGULATED POWER SUPPLIE 


MODEL 131 


B SUPPLY: 100-325 volts, 150 ma. 
REGULATION: 2% for both line, 105-125 volts, and load variations, 
0-150 ma, rs 
RIPPLE: 10 millivolts, 7 
C SUPPLY: 0-150 volts, 5 ma. 
REGULATION: 10 millivolts for line, 105-125 volts, %% for load at 
150 volts. 4 
RIPPLE: 5 millivolts. 


FILAMENT SUPPLY: 6.3 volts AC, 10 amp., CT. 


MODEL 500-R | 


OUTPUT DC: 0-500 volts, 

300 ma. 

REGULATION: %2% for 
both line, 105-125 
volts, and load varia- 
tions, 0-300'ma. 

RIPPLE: 10 millivolts. 

OUTPUT AC: 6.3 volts, 10 
amp., CT. 


MODEL 615 


Model 615 is Model 500-R with a C Supply. 
C SUPPLY: 0-150 volts, 5 ma. 
REGULATION: 10 millivolts for line, 105-125 volts, 2% for load at 
150 volts. 
RIPPLE: 5 millivolts. 





MODEL 141 


OUTPUT DC: 
100-400 volts, 150 ma, 


| REGULATION: 1% for both line, 105-125 
volts, and lead variations, 0-150 ma. 
RIPPLE: 


10 millivolts. 


» OUTPUT AC: 
6.3 volts, 10 amp., CT. 


MODEL 510 


Model 510 features TWO 
COMPLETELY INDEPEND- 
ENT REGULATED POWER 
SUPPLIES. 


OUTPUT DC FOR EACH 
SUPPLY: 200-500 volts, 
200 ma. 

REGULATION: 

\% % for both line, 105- 
125 volts, and load var- 
iations, 0-200 ma. 


RIPPLE: 5 millivolts. ‘ 


OUTPUT AC FOR EACH SUPPLY: 6.3 volts, 6 amp., CT. 
The supplies may be connected for series, parallel, or bucking operation. 





’ MODEL 245 


; 
{ 
t 
; 


OUTPUT DC: 
200-500 volts, 200 ma. 


REGULATION: 
Yo % for both line, 105- 
125 volts, and load vari- 
ations, 0-200 ma. 
RIPPLE: 10 millivolts. 
OUTPUT AC: 
6.3 volts, 6 amp., CT. 
Available with rack mounting. 


ADIL LELDS alg 


hee 


MODEL 700 


OUTPUT DC: 
0-350 volts, 750 ma. 


REGULATION: 
%a% for both line, 105-125 
volts, and load variations, 0- 
750 ma. 


RIPPLE: 10 millivolts. 

This unit is available delivering: 
1.50 amp.—Model 710 
2.25 amp.—Model 720 
3.00 amp.—Model 730 





MODEL 315 


B SUPPLY: 0-300 volts, 
150 ma. 
REGULATION: 1, % for 
both line, 105-125 
volts and load varia- 
tions, 0-150 ma. ‘ 
RIPPLE: 5 millivolts. 
C SUPPLY: 0-150 volts, 5 mo. 
REGULATION: 10 millivolts for line, 105-125 volts. %% for load at 
150 volts. 
RIPPLE: 5 millivolts. 
FILAMENT SUPPLY: 6.3 volts AC, 5 amp., CT. 
Available with rack mounting. 





MODEL 750 


OUTPUT DC: 
0-600 volts, 750 ma. 


REGULATION: 
Ye% for both line, 105-125 
volts, and load variations, O- 
750 ma, 


RIPPLE: 10 millivolts. 

This unit is available delivering: 
1.50 amp.—Model 760 
2.25 amp.—Model 770 
3.00 amp.—Model 780 
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MODEL 800 


Mode! 800 features TWO IN- 
DEPENDENT REGULATED 
POWER SUPPLIES. 

OUTPUT DC FOR EACH 
SUPPLY: 0-600 volts, 200 
ma. In parallel 400 ma. 

REGULATION: 

Ye % for both line, 105-125 
volts, and load variations. 

RIPPLE: 10 millivolts. 

OUTPUT AC FOR EACH SUPPLY: 
6.3 volts, 10 amp., CT. 


MODEL 1250 


OUTPUT DC: 
200-1000 volts, 500 ma. 
REGULATION: 
Ye% for line, 105-125 volts. 
Yo % for load variations, 0-500 
ma. 


RIPPLE: 
20 millivolts. 





MODEL 815 


SUPPLY: 0-600 volts, 200 @ 
ma. 
REGULATION: 42% for 
both line, 105-125 volts, 
and load variations, 0- 
200 ma. 
RIPPLE: 5 millivolts. 
SUPPLY: 0-150 volts, 5 
ma. . 
REGULATION: 10 amilli- 
volts for line, 105-125 
volts. Yo % for load at 150 volts. 
RIPPLE: 5 millivolts. 
FILAMENT SUPPLY: 6.3 volts AC, 10 amp., CT. 


MODEL 2000 


OUTPUT DC: 
100-400 volts, 150 ma. 
REGULATION: 
0.01% for both line, 105- 
125 volts, and load varia- 
tions, 0-150 ma. 
RIPPLE: 
1 millivolt. 


OUTPUT AC: 6.3 volts, 10 amp., CT. 
The Super Regulator is available for many voltage and current ranges. 





MODEL 1020 


OUTPUT DC: 
0-1000 volts, 50 ma. 
REGULATION: 


0.1% for both line, 105- 
125 volts, load variations, 
0-50 ma. (range 100-1000 


volts). Yo % for both line, 105-125 volts, and load variations, 0-50 ma. 


(range 30-100 volts). 
RIPPLE: 10 millivolts, 
OUTPUT AC: 6.3 volts, 10 amp., CT. 


MODEL 3030 


OUTPUT OC: 
0-30 volts, 30 amp. 


REGULATION: 
Yo% for both line, 105-125 
volts, and load variations, 0-30 
amp. 


RIPPLE: 
Less than 0.1%. 





MODEL 1220 ges 


OUTPUT DC: 

0-1200 volts, 20 ma. 
REGULATION: 

0.1% for both line, 105- 

125 volts, and load vari- 

ations, 0-20 ma. (range 

100-1200 volts). Ye % for both line, 105-125 

volts, and load variations, 0-20 ma. (range 30-100 volts). 
RIPPLE: 10 millivolts. 


OUTPUT AC: 6.3 volts, 10 omp., CT. 


MODEL 3100 


OUTPUT DC: 
0-3 volts, 100 ma. 


REGULATION: 
5 millivolts for both line, 105- 
125 volts, and load variations, 0-100 ma. 


RIPPLE: 1 millivolt. 
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FOR NEW POWER SUPPLY CATALOG—WRITE DEPT. No. N 


KEPCO LABORATORIES, Inc. 


131-38 SANFORD AVENUE 
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FLUSHING 55, NEW YORK 








HELP YOU 
IN YOUR 


In the ever-expanding numbe 
will find the same high quvalit 
ship that has characterized 


MODEL Any one of the following sales representatives will be happy '° 
pacer Bm provide with the details of any instrument. You can 


ELECTRONIC depend on him for quick, courteous service in either providing 


F ‘ . . 
awe details or demonstration in your plant. 


STATES REPRESENTATIVE STATES pEPRESENTATIVE 


New England Ht Hoffman & Co Western Everett associates ’ 
18 Tremont Street Kentucky 6744 8 Californ'e Ave. 
Boston, Moss- Indiana Chicage 45, {lineis 
lino 
New York H. L. Hofimon & Co wisconsin 
New Jerser 110 E 236 Street lowe 
New York 10, 8 Y 


H. L. Hoffmon & Co 
500 Lotoyette Building 
New York 


Missouri Everett associates 
Nebroske 1629 East aist Street 


Syracuse Kansas Konsos City 3. missoul 


Eastern HL ofimon & Co Texos 
Pennsylvan'? 1123 Western Soving Oklahoma 


MODEL 503 pond Bide. Prit- Po arkonsos 


FAST-RIS Lovisiane 
Pp E Western H. E. Ronsford ra 
ULSE GENERATOR Pennsylvon'? Gront nonaee : 


West Virgini@ pirtsburgh 19 PO H, M. Richerdse® & Co. 


9 €. 2206 Street 


Delawore pudio& Video Prod. Core minneopel's 4, minnesote 


maryland 261 Constitution avenue 
pistrict of Washington. bp. ¢ California Harold A Kittlesor 
Columbie Nevado 76\4 Melrose Avenue 
Nerth Arizone Los Angeles 46, f. 
South Carolina 
Florida New Mexico Kittlesor Company 
Colorado 106-4 Cornel! Of-+ s. E. 
Georgi? Kenneth C. Vonce Utah Aibvaverave- New Mer. 
Alabomo Peacock Building 
MODEL 202P Tennessee Avenue * 


WIDE B 
AND CHAIN AMPLIFIER 


Mi ; Washingto* Howthorne Electronics 

ssissipr! Opelike, Alcbome 700. Nowthorne Blvd. 

michigon 5.8. Donnemilier Assocs Portions, Oregon 

Ohio 1791 Oakmovn'! Street 

Eastern Cleveland 21, Ohio 
Kentucky 


Cossor | 
648A Yonge 


in Canado Cossor (Conode) ud 
2 Toronto, 


301-30 windsor Street 
Holifox, Nove Score 


For further information see your SKU representative, or 
write directly to GPENCER-KENNEDY LABORATORIES, INC. 


MODEL 
ot 600 
THODE RAY INDICATOR 


? MODEL 2 
vec 12 
onnts pean 214 HAIN AMPLIFIER 
PULSE AMPLIFIER 


SK 


MODEL 
HIGH >'e 
SPEED SWEEP GENERATOR 





SPENCER - 
CER-KENNEDY LABORATORIES, INC 


fe) S 
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Aluminum SMOKE RINGS... 


Type EMD-2 complete with optical system, 
power supplies, vacuum system, and con- 
trol panel. Features include: choice of 
optics to suit application; 5-control spec- 
imen positioning; ports for accessories; 
built-in charge neutralizer; antihalation 
beam stop; direct-viewing fluorescent 
screen; built-in 3-plate camera (4” x 5”); 
multiple specimen holders; high-speed 
electromechanical valving. 


A diffraction pattern of metallic aluminum by 


the RCA Electron Diffraction Unit, Type EMD-2! 


Tuis pattern reveals fundamental facts 
about the crystalline structure of an ultra- 
thin film of aluminum. The pattern was 
produced in an RCA Electron Diffraction 
Unit by bombarding the specimen with a 
beam of electrons—then capturing the 
diffraction pattern with a camera built 
right into the unit itself! 

This instrument is unsurpassed for pro- 
ducing reflection and transmission dif- 


fraction patterns from | micro-quantities 
of materials, surfaces, and monomolecu- 
lar layers. Type EMD-2 makes it possible 
to distinguish between structures, or 
forms of materials, which have the same 
chemical composition but differ physi- 
cally. In a matter of seconds it can produce 
clear, brilliant patterns of matter present 
in quantities too minute for X-ray dif- 
fraction. It is the only means known for 


examining the atomic structure of true 
surfaces. 

Type EMD-2 is effective in work with 
metals, ceramics, plastics, organic films, 
biologicals, etc. Its usefulness for inves- 
tigating corrosion, catalysts, lubricants, 
surface deposits, graphites, and pigments 
is well established. For complete data, 
write Dept. 86-K, RCA Engineering 
Products, Camden, N. J. 


RCA SCIENTIFIC INSTRUMENTS FOR INDUSTRY 


Vacuum Gage 


Vacuum Unit 
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High-Voltage 
ope Power Supply 


RADIO CORPORATION of AMERICA 


ENGINEERING PRODUCTS DEPARTMENT, CAMDEN, N.J. 
In Canada: RCA VICTOR Company Limited, Montreo! 








TUBES 


designed, precision made, inspected and 
tested to give superior performance and life in 


Radiation Measuring Applications 


RAYTHEON SUBMINIATURE ELECTROMETER TUBES 


HTR or FILAMENT MAX. DIMENSIONS 
jJocshes PLATE | GRID 1/GRID 2) PLATE | GRID 2) AMP.| PLATE) MUT. [GRID CURRENT 
TYPE Thick- | VOLTS} VOLTS | VOLTS| CURR. | CURR. | FACT./RESIST]COND) RATING 
L Volts Type jlength |Width ness mo. mo, meg. |Mmbhos 











cxses4 i 1.625 ° . —3.0 0.02 0.75 15 Nom. Ic! = 
15 10-'* amp. 


cxsss6 1 1.5 , 2 \ —3.0 Triode 0.2 2 160 Max. ic! = 
| Conn, 2 x 10-'* amp. 


cxsss9 | 1.6 | Di —2.0 | 4.5 | 0.005 14 | Max. tc! = 




















3 x 10-!* amp. 









































RAYTHEON RADIATION COUNTER (GEIGER-MUELLER) TUBES 
(All Glass, 


MAX, DIMENSIONS OPERATING RELATIVE GEIGER BACK. 
inches VOLTAGE PLATEAU PLATEAU | THRESHOLD| GROUND AMBIENT WALL WEIGHT | EFFICIENCY] LIFE 
TYPE RANGE LENGTH SLOPE Volts de Unshielded TEMP. RANGE Nominal 
j Diam. Volts de Volts de Per 100v mon. min, °Cent. 

cx1890 Y + > 
; + 
cK1019 J r 97 >1 
1 >1 

850-9 > Q —40 to +55 

850-950 > ( —40 to +55 

9 > — + 
50-950 > _— 


-285 x .385 585 —55 to +70 Hy 


RAYTHEON SUBMINIATURE RECTIFIER TUBES 





MAX. 
FILAMENT DIMENSIONS MAX, PEAK] MAK. PEAK MAK. DC 
PLATE OUTPUT 









































MAX. DIMENSIONS MIN, MIN. MAK 
inches STARTING OPERATING | OPERATING OPERATING 


MAX, 
TYPE VOLTAGE VOLTAGE CURRENT CURRENT REGULATION 
Volts 


Diam SUPPLY ma mo 
1 ' ( 
\ P 0.400 J 
cK! 0.400 1200 
83 0.400 82-92 . 
0.400 1 
0.400 127-133 


Write to Newton for New Raytheon Special Purpose Tube Characteristic Booklet 


TYPE CONSTRUCTION Inches INVERSE 
VOLTAGE | CURRENT CURRENT 
Volts L Amps Height Diam. PER PLATE 
K1036 Holf Wave — Gos Cold Cathode 1 0.400 1500 10 mo. 100 wa. 
cxs765 Half Wave — High Vacuum 1.25 | 0.015 1.5 0.3.%0.4 3500 450 Ma. 100 pa, 
RAYTHEON VOLTAGE REGULATOR — VOLTAGE REFERENCE TUBES 


RAYTHEON MANUFACTURING COMPANY 


Nyol-tale Me AUlel-MEN 1-141 1e)8) €éacellence tn €lechiontcs 
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LABORATORY for ELECTRONICS, INC. 


Research, Engineering 
and Production of Precision 
Electronic Equipment 


MODEL 401 OSCILLOSCOPE 


~—a high gain, wide band, ver- 
satile, general purpose instrument 
for precise, quantitative studies of 
pulse waveforms, transients and 
other high or low speed electrical 
phenomena. 


For complete information Ask 
for Bulletin 052 


MODEL 101 MAGNETOMETER 


Accurately measures mag- 
netic field strength using 
the principle of nuclear 
resonance. 


For complete information 
Ask for Bulletin M52 


MERCURY DELAY LINES 


Used for storage of information, 
comparison of two sets of infor- 
mation, correlations and sequen- 
tial timing devices, they are the 
smallest, most compact lines 
available. 


For complete information Ask for Bulletin MDLS51 


MODEL 802 STABLE MICROWAVE OSCILLATOR 


Provides a highly stable source 
of microwave signals, suitable 
for use as a laboratory standard. 
Features a direct reading fre- 
quency dial, sine wave modu- 
lation input and self-contained 
power supply. 





% Engineering 
Representatives: 


Albuquerque, New Mexico 
Gerald B. Miller Company 
302% West Central Avenue 
Albuquerque 3 -1998 


Alexandria, Virginia 

W. A. Brown & Associates 
3834 Mt. Vernon Avenue 
Overlook 6100 


Adlanta, Georgia 

W. A. Brown & Associates 
1570 Northside Drive 
Vernon 5395 


Boston 15, Mass. 

Walter T. Hannigan Company 
43 Leon Street 

Garrison 7-2650 


Chicago 45, Illinois 

Hugh Marsland & Company 
6405 I. California Avenue 
Ambassador 2-1555 


Cleveland 15, Ohio 
M. P. Odell Company 
2536 Euclid Avenue 
Prospect 1-6171 


Dallas 1, Texas 

J. Y. Schoonmaker Co. 
2011-13 Cedar Springs 
Sterling 3335 


Dayton 6, Ohio 

M. P. Odell Company 
2676 Salem Avenue 
Oregon 4441 


Hollywood 28, California 
Gerald B. Miller 

1540 N. Highland Avenue 
Hollywood 9-6305 


Minneapolis 2, Minnesota 
H. M. Richardson & Company 
2210 Foshay Tower 

Geneva 4078 


New York 23, New York 
Land-C- Air Sales Company 
1819 Broadway 

Plaza 7-7747 


San Francisco 3, California 
Gerald B. Miller Company 
1355 Market Street, Space 280D 
Klondike 2-2311 


Wichita, Kansas 

George E. Harris & Company 
306 Lulu, P. O. Box 3005 
Telephone 62-2731 


Phone or write your representative 


for complete information on 
LFE electronic equipment. 


75 PITTS STREET BOSTON 14, MASS. 


PRECISION ELECTRONIC EQUIPMENT ¢ OSCILLOSCOPES « MAGNETOMETERS © COMPUTERS + MICROWAVE OSCILLATORS + MERCURY DELAY LINES 
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NOW 


You can affor 


é 
High Vacuum 
Furnace 


saat ° — 


This ONE 


; Versatile Unit lets 


plone A BRA I 


you melt, pour, 


heat treat, degas 


- "Ac last there is now available a single 
furnace that does away with the need 
to purchase equipment for each phase 
of your high-vacuum, high-temperature 
work. Because of its modest price, it 
will fall within the budget of most 
laboratories. 


With this new furnace you can melt 
and solidify — melt and pour — add to 
the melt — stir — look into the hot 
zone — measure hot zone temperatures 
— introduce controlled atmospheres 
— degas — heat treat. It's a complete, 
versatile unit, capable of handling the 
widest variety of metallurgical research 
work. Write today. 





FEATURES = 


@ Ultimate vacuum of less than 
5 x 10-5 mm. Hg. 


@ Heating element temperatures 
up to 2000° C. 


@ Temperature controllable 
within + 5° C. 


@ Hot zone reaches temperature 
within one minute. 


@ No refractories used in 
hot zone. 








— 


INDUSTRIAL RESEARCH + PROCESS DEVELOPMENT —_ Pa METALLURGY - 
HIGH VACUUM ENGINEERING AND EQUIPMENT —_ COATING + 








@ 4" purifying type diffusion 
pump insures high capacity 
for out-gassing. 


®@ Utilizes single turn low voltage 
resistance element of tungsten. 


@ Integral power supply. 


@ Either manual or automatic 
temperature control or both. 








DEHYORATION - 


National Research Corporation 
Equipment Division 
Seventy Memorial Drive, Cambridge, Massachusetts 
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DISTILLATION 
APPLIED PHYSICS 





TRANSICOIL 
ASSEMBLY 
with rectangular 
gear train housing 
for mounting control 
meteor and data 

elements 


7 
i Ae pout 
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Dozens of basic Transicoil Servo Motor, 
Gear Train, and Amplifier types can be readily 
adapted, electrically and mechanically to fit 


specific applications exactly. 


4 NEW! 12-page catalog with up-to- 


date specifications on all Transicoil compo- 
nents. Copy gladly sent on letterhead request. 


~ ay Y , 43 


TRANSICOIL CORPORATION, 107 Grand St., New York 13, Ni. Y. 


REPRESENTATIVES IN: BOSTON, MASS. + BUFFALO, N.Y. + CHICAGO, ILL. 
CLEVELAND, OHIO + KANSAS CITY, MO. + LOS ANGELES, CALIF. « MINNEAPOLIS, 
MINN, + NETCONG, N.J. + PHILADELPHIA, PA. « PHOENIX, ARIZ. « SAN FRANCISCO, 
CALIF. + SEATTLE, WASH. + SYRACUSE, N.Y. AND WASHINGTON, D.C. 








IMPORTANT 
ANNOUNCEMENT 


Of general interest to users of radioactive materials is the recent incorporation of the 


COMMERCIAL PRODUCTS DIVISION 
ELDORADO MINING AND REFINING (1944) LIMITED 


as a division of 


ATOMIC ENERGY OF CANADA LIMITED 


This transfer is made solely to provide a more 
comprehensive and efficient service for our 
customers. No changes in personnel, established 


agents or business routine are involved. 


New applications of radioelements for research, medical and 
I 
industrial uses, and new mechanical devices, will 


be announced from time to time. 


Your requirements for pile-produced isotopes, radium, accessory equipment 
or consulting services will be satisfied completely 


by writing to: 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. Box 93—Ottawa, Canada 
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Every Top Management 
Man...|n Every Industry 


SHOULD BE ABLE TO ANSWER THESE QUESTIONS ABOUT A 
MOST CRITICAL EMERGENCY IN OUR COUNTRY’S AFFAIRS 


Q. Why is iron and steel scrap a matter 
of importance to me? 


A. Steel for our country’s military pro- 
gram and civilian economy is being pro- 
duced at the annual rate of 107,000,000 
tons in 1951... 119,500,000 tons ex- 
pected in 1952. Steel-making capacity 
is being increased now to meet those 


quotas. 


What Do I Get 
For My Scrap? 


In addition to being paid for your scrap, 
you remove nuisance inventory from 
your plant—saving valuable floor space. 
Also, you have a better chance of get- 
ting new steel or steel products. But, 
most important—you help alieviate 
a dangerous condition threatening our 
country’s capacity to rearm and satisfy 
civilian requirements at the same time. 


Q. How does scrap figure in the produc- 


tion of steel? 


A. Steel is composed, generally speak- 
ing, 50% of pig iron, 25% of “produc- 
tion” scrap (that is, the scrap which is 
produced as a by-product of steel-mak- 
ing) and 25% of “purchased” scrap. 


Q. Is scrap getting scarce? 


A. Yes. The supply of purchased scrap is 
not increasing fast enough to meet the 
needs of increasing steel production. 
Q. What if the needed scrap isn’t ob- 
tained? 


A. Open-hearth furnaces will not be 


able to operate at capacity. That will 
mean a loss of steel production . . . and 
fewer products made of steel. 


Q. Why not use pig iron instead of 
scrap? 


A. Every ton of scrap conserves ap- 
proximately 2 tons of iron ore, 1 ton 
of coal, nearly % ton of limestone and 
many other vital natural resources—to 
say nothing of the extra transportation 
facilities that would be otherwise re- 


quired. 
Q. How can more scrap be furnished? 


A. By everybody pitching in—as we 
always do in every emergency—and 
searching out all possible sources of 
scrap. 


Q. What are these sources? 
A. Metal-fabricating plants normally 


& 
aes e 
. 


Every pound of idle metal is need- 
ed to keep our steel mills operating 
at top capacity. Sell your idle metal 
to a local scrap dealer right away. 


turn over to scrap dealers the scrap 
left from machining. But there’s not 
enough of this to fill our present enor- 
mous need. So everybody—both in and 
out of the metal-fabricating industries 
—must sell scrap in the form of idle 
metal, 


What Do | Do First? 


Write for free booklet. It tells how to 
set up a Scrap Salvage Program in 
your plant. Thousands of plants are 
cooperating. Do your part now! Ad- 
dress Advertising Council, 25 West 
45th Street, New York 19, N. Y. 


Q. We don’t produce scrap—how can 
we help? 


A. Scrap is any kind of iron and steel 
that’s gathering dust—obsolete ma- 
chines or structures, jigs and fixtures, 
pulleys and wheels, chains and track, 
valves and pipe—anything with rust on 
it or dust on it. Non-ferrous scrap is 


needed, too. 


Q@. What do we do with it when we 
find it? 


A. Use your normal channels or get in 
touch with a recognized scrap dealer. 





This ad 


McGRAW-HILL PUBLISHING COMPANY, INC. 


NEW YORK 36, N.Y. 





330 WEST 42nd STREET 
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<4 basic nuclear 
Van de Graatf* research 


<4 manufacture of 


positive ion accelerators ellinivibents 


<4 activation analysis 


INTENSE NEUTRON SOURCES, | <"~"=a0.2- 


The neutron output is intense 
— as high as 10"! n/sec. Positive 
ion energy is 0.1 to 0.5 MeV, or 
0.75 to 2.0 MeV. Monoenergetic 
neutron flux may be obtained, 
with selection of proper targets 
—at energies from 30 keV to 
8 MeV. Continuous-beam opera- 
tion is standard — modification 
to pulsed-beam operation is 
available on request Back- 
ground radiation is low. The 
target is easily accessible. 


And because of the unmatched 
advantages of Van de Graaff 
accelerators today — in design, 
performance, and standardiza- 

Von de Graof 3 i; tion of manufacture — the cost 
Type H, Model N b : is within the reach of moderate 


0.5 MeV, 0.25 ma 
positive-ion a institutional budgets. 


accelerator 
$39,400° 

High Voltage Engineering Cor- 
poration brings to the field of 
applied radiation energy a leader- 
ship earned over years of ex- 
perience in the manufacture and 
application of Van de Graaff 
equipment. This experience is 
available to you, to aid in solving 
*f.o.b. plant; price subject to change. your special problems. 


Hicx Voitace ENGINEERING CORPORATION _ 
UNIVERSITY ROAD CAMBRIDGE 38, MASSACHUSETTS | 


brn ‘we a4 
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HERE’S YOUR ‘‘AT-A-GLANCE” GUIDE 
to JAN- and MIL-Type Resistors 


Want to know which resistors meet what Armed Forces 
Specifications? Here's the data you need in handy 
tabular form. All of these resistors are available on 
short delivery cycle—from the world’s largest maker 
of resistors. 





NAME AND DESCRIPTION 


SPECIFICATIONS 





TYPE BT ADVANCED FIXED COMPOSITION RESISTORS 


Vs, Ya, | ond 2 wotts. IRC filament-type resistance element. Anchored, non- 
loosening leads. Extro-Bakelite-sealed against moisture or grounding. Low 
operating temperature. Excellent power dissipation. 


JAN-R-11 Specification 
(Type BTS meets rigid G Characteristic) 


_ ee oe. 





TYPE BW INSULATED WIRE WOUND RESISTORS 


Ya and | watt inexpensive wire wound resistors for low range requirements. 
Smoll and completely insulated. Wire resistance element is uniformly and 
tightly wound on an insulated core. 


JAN-R-184 
(Characteristic B) 





NEW TYPE BOC BORON-CARBON PRECISTOR 


Ye watt. Loetest development in stable film-type resistors. Combines high 
accuracy and long-time stability. Reduces temperature coefficient of con- 
ventional deposited carbon resistors. Replaces high value wire wounds at 
substantial savings in cost and space. Essential in critical electronic and 
avionic circuits. 


MIL-R-10509A Specification 





TYPE DCC DEPOSITED CARBON PRECISTOR 


Ya, | and 2 wotts. Lotest advance in small-size, high stability resistors. Ultimate 
in non-wire-wound accuracy. Stable over long periods. Assures low voltage 
coefficient, low capacitive and inductive reactance in high frequency uses. 
Efficient and economical in modern electrical and electronic circuits. 


MIL-R-10509A Specification 
plus latest JAN Specification Proposal 





TYPE WW PRECISION WIRE WOUND RESISTORS 


Severe cycling and 100 hour load tests result in almost no resistance change. 
New winding forms hold more wire for higher resistance. New winding tech- 
nique eliminates shorted turns. New type insulation withstands humidity. New 
terminations are rugged, strain-free. 


MIL-R-93A Specification 
(Supercedes JAN-R-93) 





TYPE MF SEALED PRECISION VOLTMETER MULTIPLIERS 


Completely impervious to humidity. Interconnected precision wound coils are 
encased in glazed ceramic tube—hermetically sealed. Multiple-layer windings 
insure resistor against breakdown. Compact, rugged, stable, easy to install. 


JAN-R-29 Specification 





POWER WIRE WOUND RESISTORS 


For exacting, heavy-duty applications. Exceptional mechanical strength; with. 
stond severe vibration. Available in two coatings; a variety of ratings, sizes 
ond terminals; fixed and adjustable types; tubular or flat. 





TUBULAR PWw’'s 
—JAN-R-26A 
(G ond J 








SEND FOR FULL Complete data on any or 


all of these IRC resistors 

ore yours for the asking. 

TECHNICAL DATA tio ine henley Ghioen ean 
be sure to ask about IRC's 

Industrial Service Plan. it 

enables you to get prompt 

delivery of experimental 

or pilot-run quantities — 

right from the stocks of 

+ your local IRC Distributor. 


INTERNATIONAL RESISTANCE COMPANY 


Philadelphia 8, Pennsylvania 
in Canada: International Resistance Co., Ltd., Toronto, Licensee 





INTERNATIONAL RESISTANCE COMPANY 
419A North Broad Street, Philadelphia 8, Pa. 


Please send me information on the following (checked) 
IRC resistor types. 


Name and address of local IRC Distributor. ( ) 
Name. 
Title 
Company. 
Address. City, State 














Type BT’s( ) Type BOC’s( ) Type WW's( ) 
Type BW’s( ) TypeDCC’s( ) TypePWW's( ) 
Type MF’s( ) Type FRW's( ) 
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NOW! Fill Your Needs 


FOR ALL TYPES 
OF ELECTRIC AND 
ELECTRONIC 
COMPONENTS 


Split Lugs. For potted 
units where later solder- 
ing is advisable. Also 
standard applications. 
Hole through shaft allows 
top or bottom wiring. Fit 
standard board thick- 
nesses from }¢;"" through 

Mounted heights 


HARDWARE 


[ 


TERMINAL BOARDS 


Hendles innickel-plated 
bross are available in 3 
sizes ranging from 354’ 
length to 6%" length. 
Black alumilite aluminum 
handle available in 4%” 
length. Ferrules available 
on brass and cluminum 
handles. 

Other Hardware in- 
cludes tube clamps, panel 
and thumb screws, com- 
bination screw and sol- 
der terminals, shaft locks, 
terminal board brackets, 
standoff mounts, etc. 


Phenolic. Available in var- 
ious widths and terminal ar- 


rangements from 4” wide to 
3” wide. Thicknesses: 349”; Ye’; 
1 346". All boards in 5 sections 
scribed for easy separation. 
Special boards made to your 
“ specifications. 
dei 
— 
im 8) 


Ceramic. Silicone impreg- 
nated. Type X1986 with 8 lugs 
staked in two rows. Standoffs 
riveted and soldered to ground 
strap for good grounding dt 
R.F. frequencies. 114’ long, ’e” 
wide. All metal parts plated. 
O.A. mounted height: %4’’. 


INSULATED 


> 


Short Lugs. For low 
“headroom” applica- 
tions. Mounted heights 
from 436”. In shank 
lengths for 6 board 
thicknesses, starting 


’ 


with S44". 


Double End Lugs. 
Provide terminal posts 
on both sides of board. 
Through connection for 
easy wiring. For board 
thicknesses from 4’ to 
4". Mounted heights 
from 56”. 


TERMINALS 


Phenolic. 4" diameter, 


in rivet or screw stud 
type. Voltage breakdown 
from 4800 — 11,000 V 
at 60 cycles RMS. 
Ceramic. Silicone im- 
pregnated. 5 lengths of 
dielectric. Voltage break- 
down ratings up to 5800 
V. Over-all heights range 
from %”, including lug. 
For high electrical stresses 
over a broad humidity 
range. Cadmium plated 
studs. Brass terminals 
plated for soldering. 


SLUG TUNED COILS 


bes 
“# 


< 


Phenolic. 3 sizes: 
6a"; We", and 2” 
high. 5 standard wind- 
ings — also special 
windings or as high- 
quality phenolic coil 
forms. 


Ceramic. Silicone im- 
pregnated. 5 sizes, 
mounted heights from 
194" to 1'}i6”", diam- 
eters from 4%" to ¥2"’. 
Spring lock for slug. 
Cadmium plated mount- 
ing studs. Complete 
with mounting hard- 
ware and high, medium 
or low frequency slug. 


4 


Turret Lugs. With 2 
soldering spaces for 2 
or more connections. 
Sizes range from 14" 
to 4" terminal board 
thicknesses. Mounted 
heights from 74”. 


Combination Lug. 
Removable screw per- 
mits mounting compo- 
nents directly to screw 
end. Also provides re- 
movable link connec- 
tions at screw end. 3 
sizes, 46, GQ", %” 
diameter. Bright alloy 
plated for easy sol- 
dering. 


INSULATED FEED THROUGHS 


i 


R. F. CHOKES 


e& 
9 | 


Phenolic. Approved 
XXX material. Brass 
bushings, nickel plated. 
Brass through-terminals, 
silver plated for easy 
soldering. Rugged, with- 
stand shock and vibra- 
tion. Two sizes: for 4” 
and ¥%"’ mounting holes. 
Ceramic. Silicone im- 
pregnated. Threaded 
for %"" hole mounting. 
O.A. length %"’. Volt- 
age breakdown 4800 
RMS at 60 cycles. 


LHC, High Q iron core 
with 6-32 mounting 
stud. 8 values from 2.5 
mh to 125.0 mh. Wax 
impregnated. 


LAB, Pie wound on 
Phenolic core with cot- 
ter pin terminals. 8 
windings 75 mh fo 
15.0 mh. Current rat- 
ing 125 ma, 








CUSTOM ENGINEERING to your specifications or standard government specifications. C.T.C. Engineers will design all 
types of Boards, Coils, and Terminal Lugs for production in quantity to fill your needs. No extra charge for this service. 


WRITE FOR NEW CATALOG. For complete data and engineering drawings on these and other C.T.C. 


Electrical and Electronic Components and Hardware. No obligation. 


+ 





CAMBRIDGE THERMIONIC CORPORATION, 467 CONCORD AVE., CAMBRIDGE 38, MASS. 


West Coast Stock Maintained by: E. V. Roberts, 5068 West Washington Bivd., Los Angeles 16, California 
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Atomic’s Kea ze 


LINEAR 
AMPLIFIERS 


Model 2048 Linear Amplifier — 

for vse with ionization chambers, scin- 

tillation and te Rise time to 0.2 
microseconds, gain to 15,000. " Three-position bond width switch. 





LINEAR 
PREAMPLIFIERS 
Model 2058 lLineer Preampli- 


fier — gain of 20 preamplifier for 
use with ionization chambers or other 





Dual attenuator, precision calibrated pulse amplitude discrimi 
nator. Low and high level ovtputs, self-contained power supply, 
provision for preamplifier. 

Also Model 204C — similar to 2048 with separate input time 
constant and rise time controls. 


REGULATED 
H.V. SUPPLIES 


under 0.0) percent output change per percent input voltage 
change. 500 to 3000v continuously variable, to 2000v @ 1: mo., 
available with positive or negative output. 

Also Model 316 — same as Model 306 except with 7”x19” rack 
mount panel; and Model 326, two units, either polarity, on single 
7”"x19" rack panel. 


COINCIDENCE 
ANALYZERS 


ee 502 Four Chennel Coin- 
A aly am of 
0.25, 0.5, 1 or 2 mi Peddie ax sik Onan thee 
nel deadtime less than 10 microseconds; input pulses positive or 
negative 2 to 100 volts; ovtput, 25v positive pulses to operate 
scalers. Individual pulse height discriminators for each channel; 
one channel may be used for anticoincidence. 
Also Model 503C Two Channel Anticoincid 4 — for 
low level GM tube measurement; with dual tlhe HY. sup- 
plies, scale of 16 and register. 











PULSE 
GENERATORS 


Model 607 Precision Amplitude Pulse 
Generator — a high accuracy generator of fiat top pulses with 
no measurable slope or overshoot to 100 volts. Rise and decay 
time, 1 microsecond or better; high stability, precise colibrated 
attenvator; 30 to 2700 pps.; 10 to 125 microsecond pulse length; 
5 to 120 microsecond pulse delay. Also other pulse ond calibro- 





counting. 


COUNTING RATE 
METERS 


Model 410 Counting Rate Meter — for 

general laboratory vse. Four ranges: 
0-200-2,900-20,000-200,000 CPM. 2% ac- 

curacy. Direct, scintillation and GM probe 

inputs. High voltage supply, 400 to 2000v @ 1 ma., 0.05 per- 
cent regulation. Aural monitor 

for standerd 1 ma. pen recorder. Also 

Monitor — a compact bench monitor for 

control, etc. 


PULSE HEIGHT 
ANALYZERS 


Médel 510 Single Channel Differential | 

Pulse Height Analyzer — for pulse ampli- 

tude distribution studies, with channel base fine 
100 volts and window settable from 0 to 7 volts. Can be 

with Model 204 Linear Amplifier and any of Atomic’s Scolers to 
meet many nuclear laboratory needs. 


' Also Model 520 Twenty Channel Differential Pulse Height 


tyzer. The complete answer for a complete analyzer. 


SCINTILLATION HEADS 
AND CRYSTALS 


Model 223 Universal Scintillation Head — for 5819 
Photomultiplier Tube and interchangeable crystals 
and phosphors. For use with: Model 410 Monitor, 
1070A Multiscaler, 204 Linear Amplifiers and other ~~ 
of Atomic's equipment. Also hermetically sealed 
crystals for scintillation counting; standardized 
Gomme crystals for uniform 

lable in several sizes and various 





tien generators, including units for i P in 
analyzers. 


THE MULTISCALER 


Model 1060A — latest version of the first 

complete avtomatic scaler. Scale of 1000 or 

4096; choice of 5 microsecond or 1 micro- 

second resolution; preset time; preset 

count; scale selector; electric registers pulse amplifier 

(Model 1070A); discrimi d 400 to 2500 volt 

supply; provision for remote, automatic operation; and many 
other fqatures. Also many other scaler models. 





SALES REPRESENTATIVES 
Ron Merritt Company, Seottie, Wash. 
Reseorch Equip. & Service, Chicago, il. 
Kittleson Compony, Los Angeles, Colif. 
Professional Equipment Co., New Haven, Conn 
Cenedien Marconi, Ltd., Montreol, Conaeda 
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GLOW TRANSFER COUNTERS 


Model 162 Glow Transfer Counter 
MEDICAL RESEARCH AND CLINICAL INSTRUMENTS 


Write for illustrated, indexed catalog. 


ATOMICSE Sree 


84 MASSACHUSETTS AVE. 


CAMBRIDGE 39, MASS. 











Tracerlab has the most 
comprehensive line of nuclear 
instruments, accessories, geiger 
tubes and radiochemicals of 
any firm in the nucleonic 
industry; also consulting 
services, special syntheses 


and other services. 


Ask for 
Catalog C. 





Tracerlab... 


130 HIGH ST., BOSTON e 2295 SAN PABLO AVE., BERKELEY 
Soles Offices: New York « Chicago « Washington e Los Angeles « Houston e Paris 
a 
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CHECK WITH Sw CVO” ror 
HEAT AND CORROSION RESISTANT 


TUBING 


Because of Superior’s concentration on the production of tubing in all analyses 
from .010” to °¢” O.D. we are able to produce as a standard product what many 
mills are forced to handle as “Specialties”. For this reason it may pay you 
well to check all your heat and corrosion resistant tubing needs with Superior. 


Especially if your tubing problem is 


“different!” It costs only 3c to be rid NICKEL AND NICKEL ALLOYS 


of your trouble. Write Superior Tube — 

—— Bi A” Nickel! s-w 
Company, 2510 Germantown Ave., "D" Nickel! (444% Mn Nickel) $ 
Norristown, for full information on “L” Nickel! s-w 


fine small bing in any of the Manet i 
ine small tubing i y "K"-Monel! 


following analyses. cnoneail 
Inconel X! 
Nichrome V2 


STAINLESS STEELS 30% Cupro Nickel 
303 SPECIAL PURPOSE ALLOYS 


aoe Advance Alloy2 (Constantan) 
coe Beryllium Copper 
310 Globeiron 
316 Armco Iron 
317 Deoxidized Copper 
1 Commercially Pure Titanium 
32 Hastelloy Nickel—Base Alloy B? 


yon Hastelloy Nickel—Base Alloy C3 
410 Also Carbon Steels and Alloy Steels. s— Seamless 
w—Weldrawn 



































420 1—Reg. U. S. TM—The International Nickel Co. 
430 2—Reg. U. S. TM—Driver-Harris Co. 
446 3—Reg. U. S. TM—Haynes Steelite Co. 


e 
~ he 
GLASS SEALING ALLOYS 'Z, 


27 Yo Chrome Stainless NG 
36% Nickel Iron (Invar) rie 
42% Nickel Iron 

52% Nickel Iron ” ” 
42% Ni-6% Cr. Iron (#4 Alloy) Codaba aaniyeee then” woth hee 
OFHC Copper up to 1%" O.D. 




















SUPERIOR TUBE COMPANY, 2510 Germantown Avenue 
Norristown, Pennsylvania 
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Pais 


New Property Chart of $)\5\idi)3 


TECHNICAL CERAMIC COMPOSITIONS 





American Lava Corporation, Chattanooga 5, Tennessee, has 
issued a new chart giving the mechanical and electrical 
properties of AlSiMag custom-made technical ceramics. 


WHAT ALSIMAG IS 

AlSiMag is the trade name of a large fam- 
ily of technical ceramic compositions. These 
compositions have different physical, elec- 
trical, mechanical and chemical charac- 
teristics. AISiMag ceramics are custom-made 
to specifications. 


WHAT THE CHART TELLS 
The chart covers seventeen of the more 
frequently used AlSiMag compositions and 
is the most complete chart yet issued in this 
field. A new feature is a selection chart 
which simplifies and speeds the selection of 
the most useful composition for the individ- 
val requirement. This selection chart indi- 
cates lower cost materials in BOLD FACE. 
This helps the product engineer to design 
for utmost economy. 

Some properties, such as thermal expan- 
sion, dielectric strength, in relation to thick- 


$1sT 


YEAR OF 


ness and temperature are presented in 
graphic form. 


ALSIMAG COMPOSITIONS NOT 

ON CHART 

Many special AlSiMag compositions have 
been developed to meet specific conditions. 
These are too numerous to chart. If chart 
indicates general characteristics of value, 
modifications to suit your special applica- 
tion may be available. 


WHO NEEDS THE CHART 

Designing engineers, production technicians 
or purchasing agents will find chart helpful 
in their search for materials for unusual 
applications. 

HOW TO GET THE CHART 

The AlSiMag Property Chart is sent free on 
request. Request as many copies as you 
need to cover your organization. 


CERAMIC LEADERSHIP 


AMERICAN LAVA CORPORATION 


OFFICES, METROPOLITAN AREA, 671 
PHILADELPHIA 649 North Bre 
NEW ENGLAND, 38-8 Brottic S#., 


CHATTANOOGA 5, TENNESSEE 


HICAGO, 22 orth LoSette Sr 
ANGELE 32S with Se 
1 


Control 6.1728 
$. 232 Mutvo! 9076 
LOUIS, 1123 Weshinaten Ave., Gortieid 495° 
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Illustrated below are typical basic models of Multi-Turn Helipots... 


MODEL A: 

A 10-turn unit, approximately 154” diameter 
with 12 to 14 times the resolution of single- 
turn units of same diameter. Very versatile— 
low in price—wide range of applications.* 


MODEL ¢: 


Similar to Model A, but 3 turns of resistance 
winding instead of 10.* 


MODELS B,D, & E: 

Larger-diameter (3 5/16") designs. B has 15 
ry : turns—D, 25 turns—E, 40 turns, for applications 

requiring extreme ranges of adjustment and 

highest possible resolution.* 


ultra-precision 


MODELS AN, BN, & CN: 

Similar to Models A, B & C in size and per- 
formance but feature precision ball-bear- 
ings and extra-close tolerances throughout. 
Have approximately twice the linearity ac- 
curacy of equivalent standard Helipots— 
are ideal servo units.* 


MODELS AJ, AJS, AISP: 

Tiny multi-turn Helipots the diameter of a 
penny, weight 1 oz. All have 18.5” slide 
wire for high resolution (1/6550—50 K 
unit). AJ has threaded bushings, sleeve 
bearings ... AJS, servo mountings, sleeve 
bearings ...AJSP, servo mountings, ball 
bearings. Many other features.* 


. 
THE Helipot CORPORATION 


SOUTH PASADENA 19, 





CALIFORNIA 


BETWEEN 1 AND 5 MIGROCURIES OF RADIOIODINE 
SUFFICE FOR THYROID ACTIVITY MEASUREMENTS 


—————E—E———— 


WITH THE NEW ‘EKCO’ TYPE N509 
SCINTILLATION COUNTER 


A new Scintillation Counter capable of operating directly all normal Scalers and Counting Rate- 
meters. It uses the E.M.I. type 5659 Photomultiplier Tube and has its own built-in wideband 
amplifier. Using radioiodine an efficiency of 60 per cent. is obtainable with a background of a few 
counts per second. It is already being used in the leading hospitals for 

Thyroid Activity Measurements, Brain Tumour Location and Blood 

Circulation studies. The standard collimator (shown in picture) is for CHARACTERISTICS 
use up to 1 MeV. Extras available include a larger collimator for = 
energies up to 2.6 MeV. and a non-directional protective cover. Pin peawcadl . 
SUPPLIES REQUIRED: 6.3v-1A. 300v-15mA. 1000/1500v-10uA. COUNTING EFFICIENCY 


up to 60“; using Thallium Acti- | 





vated Sodium lodide Crystal 


}” dia. by }” thick. 

BACKGROUND 

100-150 counts per minute 

COLLIMATOR 

G r x 10-3 at apex. 
i rotation on 

Crystal Axis reduces count 

by 50 

12° rotation on Crystal Axis 

reduces count by 80 


PROTECTIVE CAP 
SCALING UNITS - SCINTILLATION COUNTERS - COUNTING RATEMETERS - RADIATION lnta So 
MONITORS - VIBRATING REED ELECTROMETERS - G.M. TUBES - LEAD SHIELDING 
CASTLES » LINEAR AMPLIFIERS - COMPLETE COUNTING INSTALLATIONS - ACCESSORIES 


Write for full details of Ekco instruments for radioisotope measurements to :— 
U.S. Sales & Service :— 
AMERICAN TRADAIR CORPORATION, CHRYSLER BUILDING, 405 LEXINGTON AVE., NEW YORK 17, N.Y. 


MANUFACTURERS: E. K. COLE LIMITED + ELECTRONICS SALES + 5 VIGO STREET, LONDON, W.1I, ENGLAND 
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Special Instruments and Components 
for a variety of applications 


Turse propucts are representative of the thousands of 
modifications of the ElectroniK Potentiometer and the 
great number of Brown Electronic Components which are 
being utilized as precision measuring devices and as in- 
tegral elements of various ——- systems. Perhaps your 

instru- 


research program can benefit from such — 
mentation... your ing is invited. New Data Book 15-14, H MInN@APOLIS Il 


pictured above, is available upon written request. oneywe 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial 
Division, 4571 Wayne Ave., Philadelphia 44, Pa. BROWN INSTRUMENTS 


@ Important Reference Data Tost me 


Write today for a copy of new Data Book 15-14... “Instruments accelerate research” 
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STAINLESS STEEL EQUIPMENT 


FOR RESEARCH WITH RADIOACTIVE MATERIALS 


Above: LOW INTENSITY DRY BOX — Designed for the safe 
handling of radioactive materials. Also useful for work with 
bacteria, viruses and other hazardous substances. Other types of 
enclosures available include vacuum dry boxes, biological safety 
cabinets and research enclosures, and a let bi 
dry box system. 





Right: LOS ALAMOS TYPE FUME HOOD — Designed for han- 
dling of radioactive materials. Stainless steel hood construction, 
available in 4’, 8’ and 16’ lengths. Vertically-rising door controls 
cir intake. Hood has built-in stainless steel sink and enamelled 
cabinet base for storage. Duct system is attached to rear of hood. 
Other types of hoods and vacuum rack enclosures available. 


q pry Ravioactive 
WASTE CONTAINER 
For safe, temporary stor- 
age of radioactive waste. 
Pressure on foot lever 
rotates cover segment in 
its own plane, with virtu- 
ally no air disturbance; 
closes automatically when 
pressure is released. Inner 
and outer pails of all- 
welded, stainless steel 
construction. Seamless sur- 
faces and rounded cor- 
ners facilitate cleaning 
and decontamination. 


e Blickman-Built stainless steel laboratory equip- 
ment is designed for the safe handling of radio- 
active materials and other hazardous substances. 
Smooth, polished surfaces, generously rounded cor- 
ners and crevice-free construction assure ease of 
cleaning and decontamination. Basic designs con- 
form to approved current techniques adopted by 
Government laboratories and other research cen- 
ters. Variations of all standard equipment can be 
designed to meet special requirements. 





SEND FOR BOOKLET 
“A Typical Radio-Chemical Laboratory” and for 
technical bulletins about specific equipment. 


S. BLICKMAN, INC. 7911 Gregory Avenue, Weehawken, N. J. 


Blickman-Built ode 


STAINLESS STEEL 


LABORATORY EQUIPMENT 


— 
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NUCLEONICS 


WANTED: 





O' THE MANY PROBLEMS which make the 
establishment of a bona fide nuclear energy 
industry difficult, I think the most serious stem 
from our “nuclear megalomania.” We have 
been conditioned to think of nuclear installa- 
tions as multi-hundred million dollar enterprises. 
In seeking a way to bring nuclear reactors into 
the usual channels of competitive industry, we 
as in Mr. C. A. 
Thomas’s well known proposal—to combination 


have therefore naturally turned 
plutonium plus power systems. To produce 
plutonium economically and at the same time 
make power at five mills/kwh or so, these sys- 
tems must necessarily be enormous. 

For the present the number of 150 million 
which even 


dollar reactors our country can 


afford is small. As a result, our nuclear energy 
technology consists mainly of a very few very 
large. projects. Because the technology de- 
pends on so few separate entities, it is hard to 
inject into it the kind of developmental flexibility 
which characterizes, say, the automobile indus- 
try. Risks are hard to take, and the demand for 
AEC subsidy of the risk is perfectly under- 
standable, especially since AEC is the only 
customer. As long as there is only one customer 
who also pays all the development bill, it is 
idle to try to impress the cast of traditional 
private industry on nuclear technology. 
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Smaller and More Reactors 


In every other major technology—airplanes, 
power, hydraulics, bridge-building, architecture, 
even rockets—the art has developed from small, 
simple, and relatively cheap devices to large, 
complicated, and expensive ones. These in- 
dustries, in contrast to nuclear technology, have 
therefore been able to depend on a whole size 
spectrum of gadgets. This size versatility has 
given flexibility to these developments; it has 
made it possible for each technology to generate 
a comparatively broad consumer demand for 
its many different products. 

To some extent, the reactors for military 
propulsion—the STR, SIR, and aircraft—will 
help to reduce the scale of each step in our 
nuclear development. In this respect the mili- 
tary reactors ought to inject more flexibility into 
nuclear development than it now 
However, the military reactors, as articles of 
commerce, suffer from the usual difficulty that 


possesses. 


in a military framework economic considerations 
tend to be abrogated. Military reactors, as 
other military devices, always must pay a price 


for the time that they buy. 


: prom IS ANOTHER AREA Of nuclear reactor 
development, however, which could rather 
soon be put on an economic basis, and which I 
regard as an attractive alternate to the colossal 








EDITORIAL (Continued) 


plutonium-plus-power schemes as a way for 
industry to get a start in nuclear energy. I refer 
to Mr. L. R. Hafstad’s recently reiterated sug- 
gestion of small, cheap nuclear power packages 
for use in remote localities where power is now 
very expensive. 

There must be a substantial number of places 
within U. S. jurisdiction which could use blocks 
of power of a few thousand kilowatts at a price 
of 3, 4, or perhaps, in some cases, 5 cents per kwh. 
I believe it ought to be possible to take the experi- 
ence gained from the ship reactor projects, and 
by rationalizing designs, to come up with a 
relatively cheap nuclear power package in the 
5,000 kw (of electricity) class, with installation 
costs of the order of $500 per kw, and power 
costs between 214 and 4 cents per kilowatt hour. 
If there were even fifty locations where such 
power packages could be used economically, 
supplying these devices might develop into a 
flexible $150-million 
would not be dominated by any single govern- 


spirited, business which 


ment agency. 


fey MAJOR PROBLEM in any such scheme is of 
course the allocation of fissionable material. 
However, as Mr. Gordon Dean indicated in his 
recent San Francisco speech, we will in the 
foreseeable future be entering a period where the 
demand on fissionable material for bombs ought 
to be more than met, and there will be extra 
U*> or Pu®*® left over for power purposes. I 
would imagine that many of the customers for 
such out-of-the-way power plants might be 
government or agencies 
whose requirements for power, and therefore 
U*3, might be justified—as is the Navy’s—by 
the needs of national defense. 

The design of such a power package would 
have to depend strongly on experience with, say, 
the STR. Some regeneration of fuel would 
certainly be desirable. As Mr. Zinn said in 
the September ’52 Nuc izontcs, the fuel cost 
would be 1.3 mills per kwh if a conversion ratio 
of as little as 0.8 could be achieved. However, 


quasi-governmental 


the figure of between 214 and 4 cents per kwh 


ought to be achievable even without fuel 


regeneration. 


» eve MAIN ADVANTAGE of the power-package 
approach to establishment of a nuclear energy 


industry is that the technology would rely on 
comparatively many small units, rather than 
on a very few enormous ones. Thus industry 
would not try to hit the jackpot right off, but 
would edge into the business a little at a time 
and at each stage would be able to match its 
risk with its financial capability. 

It seems to me that Nucteonics could do the 
infant nuclear energy industry a very real service 
if it carried out a survey to determine just how 
big the market is for, say 3 cents per kwh elec- 
tricity. There are perhaps a dozen working 
groups throughout the country who, once they 
were convinced of the existence of a market for 
nuclear power packages, might set to work 
trying to design the best such package. I hope 
that out of such competitive effort, centering on 
these small power packages, might come the 
beginning of a real, vigorous nuclear power 
industry. 

Atvin M. Wetnserc, Director of Research 
Oak Ridge National Laboratory 


[Dr. Weinberg’s comments on the development of 
small power reactors suggest very interesting pos- 
sibilities for the embryo nuclear power industry. 
Because the degree of interest in such reactors de- 
pends on the market, Nucueonics accepts Dr. 
Weinberg’s challenge and is arranging for the 
McGraw-Hill Department of Economics to analyze 
the domestic and foreign market. The results of 
this survey will be published in NucLEeonics.— 
Tue Eprrors] 





ontrol 
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EVOLUTION of manip- 
uiators is traced by 
these photos of ANIL 
units, with the future 
depicted by a robot 
(see below) 


T.. HANDLING of radioactive materials at intermediate and high levels (up to 

10,000 curies) of activity invariably requires remote control apparatus, It is 

evident, then, that the problem of remote control has had to be faced at almost 

all AEC installations. Each one faces its own special and specific handling 

PHILOSOPHY AND problems; each has developed specialized apparatus to perform certain required 
functions. 

This approach is not a complete solution to the over-all problem of remote con- 

PRACTICAL EXPERIENCE trol manipulation. It does not necessarily cover the broad or general approach. 

In 1947, Dr. W. H. Zinn, director of Argonne National Laboratory, recognized 

the need for a new comprehensive approach and established a special group that 

OF ARGONNE became known as the Remote Control Engineering Division under the direc- 

tion of Dr. H. L. Hull. Argonne was being established as one of AEC’s major 

research centers where a well-rounded fundamental research program in the 

NATIONAL LABORATORY basic sciences and research and development on reactors would be carried out. 

The usefulness of its $60-million facilities, the versatility and speed-with-safety 

with which research could be conducted, depended upon development of the best 





possible remote control equipment. 

During the past five years, the Remote Control Engineering Division has 
been responsible for the development of general handling devices and associated 
viewing equipment that are being used at Argonne and at many other AEC and 
non-Commission installations. A broad philosophy of remote control manipula- 
tion and viewing served as the basis for this work. This philosophy, its results, 
and future possibilities are described here by members of the division. 

The Cover. The robot shown on the front cover is a representation of a 
device that may one day take its place in the complement of equipment specially 
designed to handle hazardous objects. Such a robot is proposed in this report 
by the Argonne group; the cover is a NucLeonics staff artist’s conception of the 

A NUCLEONICS SPECIAL REPORT proposed ANL robot. This design includes radio-controlled manipulating arms 


and binocular television viewing mounted on a mobile, self-propelled vehicle. 





Remote 
vontrol 
Engineering 


AN INTRODUCTION 
By H. L. Hull 


Director, Remote Control Engineering Division 


URING the early post-war expansion of AEC, the 
problem of handling radioactive materials at much higher 
levels of activity than those previously used in research 
arose. New reactors were planned for the future, re- 
quiring a broad research and development program. 

New fuel elements and structural materials would be 
required. It would be necessary to measure the physical, 
metallurgical and chemical properties of new materials 
before and after neutron irradiation under conditions 
similar to those to be encountered under actual operation 
of the proposed reactors. The measurement of such 
physieal properties as hardness, tensile strength, spe- 
cifie gravity and electrical conductivity required working 
with gamma activities of thousands of curies. 

Wartime facilities for such research were limited and 
inadequate for the accelerated post-war program. These 
facilities had of necessity been hastily constructed. The 
techniques and equipment used were satisfactory for 
certain purposes involving repetitive or simple opera- 
Simple manipulators, which were quite limited 
These 


Viewing around 


tions. 
in function and performance, were employed. 
often were extensions of simple tongs. 
simple shielding arrangements was generally accomplished 
by mirrors or, in the case of enclosed cells, by monocular 
periscopes. When available remote control devices did 
not suffice, special-purpose remote control equipment de- 
signed to perform a specific task was built, sometimes at 
considerable cost. Standard laboratory instruments and 
apparatus were modified for remote control at costs some- 
times running to many times that of the original equip- 
This procedure left much to be desired. 

Analysis of the problem indicated 


ment. 
New approach. 
that too much emphasis had been placed on the equip- 


a «, 
- ae 
en ; 
UNMODIFIED testing instruments can be operated by 
master-slave manipulators, saving expense of modifications 


& 


wt 


ment at a remote point, and that insufficient attention 
had been paid to the operator. A much better approach, 
at least for research work by remote control, it seemed, 
was to start with the operator, considering him to be the 
most important part of the over-all system, and to 
extend his skills so that he could perform work from 
which he was physically separated. r 

The new approach was to provide the scientist with 
easily controllable mechanical arms and extend his 
binocular vision so he could operate existing standard 
laboratory equipment behind shielding barriers with 
minimum modification and at the same time be prepared 
for unpredictable requirements and emergencies. 

This is the general-purpose manipulator approach 
which has been developed at Argonne and which has 
contributed much to the speed, safety and economy of 
research in hot laboratories. To build equipment to 
enable the operator to barely perform a task is not 
sufficient. It is necessary to build manipulators, view- 
ing systems and auxiliary equipment which the operator 
can use easily and effectively. 

In the Argonne system, the eyes of the operator are 
effectively extended with direct binocular vision by large 
nondarkening shielding windows. The arms of the 
worker are extended by highly dexterous and force- 
reflecting ‘‘master-slave’’ manipulators. The operator 
is an integral part of the system and works in a natural 
manner. He works automatically without having to 
give special thought to each succeeding move. This 
system provides manipulation which was impossible with 
periscopes or mirrors and limited-purpose manipulators. 

Safety. The volume of work with radioactive ma- 
terials has increased greatly in recent years and has in 
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MICROSCOPIC examination is done remotely with aid of manipulator, window for general operative viewing, and periscope for 


detailed observation 


general been at much higher activity levels. Where a 
few curies were previously considered high, research at 
Argonne on samples with activities as high as 10,000 
curies of gamma radiation can be routinely performed. 

It is believed that the use of the new hot laboratories 
at Argonne with shielding windows and master-slave 
manipulators has contributed much to the safety of 
research work. This may be due, in part, to the fact 
that there is less temptation to bypass or go around the 
protective shielding barriers. 

Economics. Work on radioactive materials is expen- 
sive. The cost of facilities is of necessity quite high. 
As an example, consider just the cost of nondarkening 
glass. During 1948-1949, when the glass was being de- 
veloped, the volume of business was around $10,000. In 
1950-51, the demand ran to about $100,000, and during 
1952-53, the requirements for this one new product 
alone will run to about $1-million. 

It is believed, however, that the over-all cost of re- 
search has been minimized by savings due to greatly 
increased speed of operation. Research is carried out 
many times faster in the present Argonne facilities than 
is possible in older type facilities. Research workers 
have been able to make physical-property measurements 
on fuel elements and structural materials for reactors 
which have materially advanced the time scale of the 
reactor program. It is believed that substantial savings 
have also been made by being able to use standard equip- 
ment such as hardness testers, chemical balances, mi- 
crometer calipers, etc., with little or no modification. 

Long-range program—Robots. Looking to the fu- 
ture, the possibility of extending the usefulness of the 
present master-slave manipulators has been investigated. 
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Fundamental work has been done on force-reflecting 
(feel) servos which would replace the present direct 
mechanical linkages. This would give greater flexibility 
in “local” operations and at the same time prepare the 
way for fully remote operations (robot) with master- 
slave dexterity and feel. 

To provide eyes for the robot of the future, stereo- 
television has been investigated. This was demon- 
strated in 1950 in conjunction with existing master-slave 
manipulators and switch-operated electrical manipu- 
lators. Although further development work was indi- 
cated and is being carried on, there is little doubt as to 
the feasibility and possibilities of a robot with electron- 
ically-controlled slave hands and binocular vision by 
three-dimensional television. 

Auxiliary and specialized equipment. The need for 
elaborate modification of standard equipment has been 
reduced, but there has been the call for developing equip- 
ment ranging from syringe controls, pipettes, motor- 
ized ring stands, dry atmosphere boxes, hose pumps, 
special hoods, etc. for radiochemistry laboratories, to 
special equipment for decanning irradiated fuel elements. 

Our division also develops special reactor fuel-handling 
equipment, and reactor control systems. Irradiation 
chambers have been developed which use Co® as a source 
of gamma rays for fundamental studies. A report on 
“The Radiobiology Gamma-Neutron Chamber” will 
soon appear in NUCLEONICS. 

The accompanying articles by R. C. Goertz, F. Bevilacqua, 
K. R. Ferguson, and G. 8. Monk describe in considerable detail the 
cooperative efforts of the members of this division on manipu- 
lators, windows, and the pioneering work on noncoloring or 
nondarkening glass for optical instruments and windows. 
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Fundamentals of 
General-Purpose 
Remote Manipulators 


M.. OF THE PROCESSES involving handling radioactive 
materials can be carried out by special remote control equip- 
ment designed for specific functions. But in laboratory work, 
where a large variety of tests must be carried out and where 
complicated apparatus must be manipulated, it is costly and 
time consuming to develop and build remote control equipment 
for each and every test. Consequently, there is a strong need 
for a manipulative device to do essentially the same kind of 


work that is normally done directly by hand. 


By Raymond C. Goertz 


Associate Director, Remote Control Engineering Division 
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FIG. 1. Rectilinear manipulator, 1947 model, has hydrauli- FIG. 2. Four different gripping forces can be used with this 
cally-operated tongs. Operator controls motion with on-off all-electric manipulator. Switches control operation of this 
manipulator too, and operator cannot “feel” what he is doing 


switches 
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EARLY MANIPULATORS . 


Manipulators capable of performing diverse functions 
have been developed in many different forms. Figure 1 
shows a 1947 model rectilinear manipulator installed in 
an open-top shielded enclosure (sometimes called a cave 
or cell). This manipulator has three degrees of freedom 
in translation and three degrees of freedom in rotation 
at the wrist joint and an independent motion for opening 
and closing its tongs. Six of these motions are con- 
trolled by operating an individual on-off-on switch for 
each motion. The tongs are operated by an hydraulic 
system which reflects the tong squeeze force back to the 
control handle. These switches and the tong control 
are mounted in the control panel. 

A similar manipulator, improved somewhat over the 
one shown in Fig. 1, is illustrated in Fig. 2. This 
manipulator is controlled in the same manner as the first 
one except that the tongs are opened and closed with an 


electric motor instead of by an hydraulic system. The 
gripping force in this case is not reflected back to the 
operator, but he has a choice of selecting four different 
maximum gripping forces. 


. . . THEIR SHORTCOMINGS 


These manipulators lack several features that are 
needed in many types of manipulations and are slow and 
somewhat awkward to operate. They have neither force 
indication nor force reflection (feel); therefore extreme 
care must be exercised when they are used in connection 
with or in the vicinity of delicate apparatus. Operators 
of these manipulators require considerable training but 
never can achieve the control and dexterity needed to 
perform the more complicated manipulations. 


STUDY OF REQUIREMENTS 


To fill the need for general-purpose manipulators cap- 
able of performing a wider variety of manipulations with 
greater speed, accuracy and dexterity, a study was under- 
taken to determine the optimum characteristics such a 
manipulative system should have. This study ap- 
proached the problem from two different points of view 
in order to establish the minimum requirements that 
would yield good performance. 

The first approach includes the cybernetics* of normal 
manual manipulation, since every motion of the manipu- 
lator is controlled by a human operator. The high 
number of degrees of freedom and the multitude of 
stimuli and responses that exist in a human arm and hand 
immediately suggest that it is impossible and impractical 
to duplicate all of these features. Therefore, the other 
approach to the problem was to establish the kinds of 
manipulations that the manipulator should perform and 
to derive the minimum features that must be incorpo- 
rated into the manipulative system to carry out these 
functions. These two approaches must be blended to- 
gether to give a unified manipulator system having high 
performance capabilities. 

The study and research on general-purpose manipula- 
tor systems has many goals, as well as many problems. 
The first goal is to develop and build general-purpose 
remote manipulators and associated equipment which 
will approach the dexterity of manual manipulation. 
Little training or mental effort should be required to 
control these manipulators, for most of the operator’s 
mental capacity and attention should be devoted to the 
effects or results of the manipulation. There is no hope 


* Cybernetics is the science of communication and control in 
the animal and the machine. 
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of achieving the complete dexterity of man in a remote 
manipulative system; however, the most important char- 
acteristics can be achieved. 

A second goal is to expand the capabilities of this type 
of remote manipulative system by designing it for higher 
load capacities and greater movements than those of the 
unaided human arm. 

A third goal is to increase some phases of the dexterity 
of the manipulative system actually beyond that of the 
unaided hand by giving it higher sensitivity of feel and 
greater positional control. 

A fourth goal might be considered the assembly of 
these dexterous manipulative arms on suitable remote 
control mobile vehicles with suitable viewing. These 
devices might be called general-purpose robots. 

Of course, research and development is required on 
many components or links of the over-all manipulative 
system to reach these goals. Some important compo- 
nents are improved remote viewing systems, bilateral 
servomechanisms, and complicated mechanisms for use 
in the manipulator arm and control system. 

Typical questions that arise from such a study are: 
What kind of tongs or fingers should the manipulator 
have to grasp diverse objects? What general shape 
should the mechanical arm assume and how many 
degrees of freedom are required? What kind of drive 
systems are suitable and how much effective inertia and 
friction is permitted? What shape and arrangement 
should the control handle or handles assume and in 
what manner should they control the mechanical arm? 
Over what distance can normal viewing be used? 

Answers to many of these questions have been found, 
but some require further research and study. 
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FUNDAMENTALS 
OF MANUAL MANIPULATION 


Before the important features to be included in the 
design of a remotely controlled general-purpose manipu- 
lating system are set down, a brief and elementary 
description of manual manipulation will be useful. The 
laws governing the human control system, including 
cause and effect or stimulus and response, are not well 
understood, but the superficial reactions at least are 
worthy of consideration. 

In normal manual manipulations the person visually 
observes a particular situation. If a change is desired, 
he mentally plans which objects are to be moved and the 
approximate path they should follow. No sooner has 
this decision been made, than his brain sends out internal 
stimuli which cause muscle responses to move the hand 
and arm toward the object. As this motion is taking 
place, kinesthetic signals are received at the brain which 
indicate the position, velocity and force of the arm and 
hand, as well as a multitude of other information. 
When the fingers come into contact with the object, 
tactual stimuli are also transmitted to the brain. Nor- 
mally the hand will come to rest when it comes into 








contact with the object unless the object is very light, 
This part of the operation is simply getting the arm to the 
desired location. 

The fingers are then closed on the object. If it is 
desired to move the object in a given direction, additional 
internal stimuli from the brain cause the muscles to con- 
tract in such a way as to give a resultant force and/or 
couple in the direction in which motion is desired. As the 
forces or couples are applied, kinesthetic feedback signals 
keep the brain informed as to their magnitude and direc- 
tion, as well as the motions and new positions of the object. 

The human arm itself is a motor (muscle)-driven 
mechanical device which receives its intelligence and 
direction from the brain. Kinesthetic feedback signals 
of position, velocity, force, tactual sensation, etc., are 
continuously sent back to the brain from the arm muscles 
and other components. The arm thus acts as a servo- 
mechanism receiving its input direction from the brain. 
The brain receives additional information about the ob- 
ject and associated equipment by other stimuli such as 
vision and auditory feedback data, 


# TYPES OF MANIPULATIONS 


Increasing difficulty 
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|. Pouring into container 


FIG. 3. Three types of manipulations of increasing complexity 


To bring out specifie features that are needed in a 
manipulator arm (mechanical or human), three general 
types of manipulations having increasing complexity will 
be investigated. These are illustrated in Fig. 3. 

The first type is the handling of diverse solid objects 
by picking them up with tongs, orienting and placing 
them in a different location. An example is picking up 
a container and tipping it to pour out liquid or solid 
specimens. 

In no case is the manipulator or object brought into 
intimate contact with ‘‘grounded”’ (fixed) surfaces or 
apparatus. Manipulators of the types illustrated in 
Figs. 1 and 2 have all of the necessary features, except 
the speed, safety, and ease of operation required for 
this kind of handling. 


2. Fitting pin in hole 


3. Turning cronk 


The second general type of manipulation involves the 
handling of solid objects and bringing them into intimate 
contact with grounded equipment. Examples are in- 
serting a relatively snug-fitting pin into a hole such as 
that in a chuck, or fitting a part into place on its mating 
assembly. 

When an object, grasped by the manipulator or human 
hand, is fitted to its mating part, its final orientation 
and position is dictated by the fixed part. Compliance 
is needed to allow this accommodation. Without com- 
pliance, it is impossible for a human operator to control 
either his hand or a manipulator accurately enough to 
engage close-fitting parts by visual observation alone. 

The third and still more complicated type of manipula- 
tion involves the operation of equipment. In this case 
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the controls or handles on equipment are generally 
limited to one or two degrees of freedom, and their path 
or axis of rotation is almost always determined by the 
equipment. 

A simple example of this kind of manipulation is turn- 
ingacrank. Although we usually think of this operation 
as being a very elementary manipulation to perform, it 
points out one other additional characteristic of the 
human arm that a manipulator needs if it is to perform 
this task successfully. It is clear that in turning a crank 
it is impossible for the brain to cause the hand to describe 
a perfect circle in the position of the crank on the equip- 
ment. The brain can, however, direct a force in approxi- 


HUMAN ENGINEERING: 


mately the correct directions to describe the circle. If 
the crank is free to turn, motion will be established, but 
the crank, not the hand, determines the circle. 

Since the degrees of freedom of motion of the manipula- 
tor arm may be at any random position or orientation 
with respect to the degree or degrees of freedom of the 
controlled part on the equipment, some motions of the 
manipulator may have a positive force and yet be 
required to move in the opposite direction to accommo- 
date the path dietated by the moving part of the equip- 
ment. For this accommodation to take place, six of 
the principal degrees of freedom of motion of the manipu- 
lator must be mechanicaily reversible. 


THE COMBINED APPROACH 


It is necessary to take all of the features required to 
perform the various kinds of manipulations, together 
with the cybernetics of the human operator, and arrive 
at a set of specifications for the design of a good manipu- 
lative system. This can be called human engineering. 

Since the manipulations to be performed by the 
mechanical arm are similar to those ordinarily performed 
manually, a logical arrangement is for the mechanical 
arm to duplicate the motions of the operator’s arm or 
hand. A hypothetical arrangement would be a mechani- 
cal arm displaced from the operator’s arm by a distance 
sufficient for a suitable shield. If the arm followed all 
of the motions of the operator’s arm, had no mass, had no 
friction, and fed back all of the normal kinesthetic 
sensations, the operator could carry out manipulations 
with it the same as with his own arm and hand. The 
important difference from direct manual manipulation 
is that the optical path would be longer. 

Such a system might be ideal from a human engineering 
point of view but is somewhat impractical and has more 
degrees of freedom than is necessary for general-purpose 
manipulation. The same general characteristics are 
preserved if the manipulator tongs are made to move in 
synchronism with the control handle even if the shape 
of the arm is considerably different from that of the 
human arm. Several manipulators based on this prin- 
ciple have been designed and are giving good performance. 

To point out the importance of some of the features 
that man normally takes for granted, let’s examine the 
condition if one or more of these features are missing or 


changed. Take, for example, the condition where the 
human hand and arm loses its senses of touch and force 
but with all other conditions normal. Such an arm 
would be like the “bull in a china shop,”’ and a man hav- 
ing such an arm would not know or be able to control his 
own strength. 

Consider another condition where all of the joints in the 
arm are replaced by nonreversible worm-and-gear 
drives. The arm would lose its bilateral characteristics. 

A third point might be illustrated by crossing the 
nerve cables that transmit the stimuli from the brain to 
the arm muscles. In this case, it is believed that the 
action would be awkward at first, but the learning 
capacity of the brain could correct for these crossed 
circuits as experience was gained. 

Since, in many types of manipulation to be performed, 
it is necessary for the operator to control motions and 
forces in six or seven independent degrees of freedom, it is 
concluded that the best and possibly the only way to 
obtain good performance is to capitalize on the cyber- 
netics of the human arm. To do this, it is necessary for 
the manipulator to reflect forces back to the control 
handle in such a way that the kinesthetic sensations in 
the operator’s arm can be readily interpreted. The 
simplest way to accomplish this, of course, is to make the 
mechanical arm a slave of the control handle, with fairly 
good synchronism. Force indications sent back to the 
operator’s brain by means other than through his arm, 
such as by visual indicators, would be quite difficult to 
observe and interpret. 


REQUIREMENTS TO BE MET 


limited to small angles, nor should the operator be highly 


Based on the human-engineering approach, require- 
ments for a good general-purpose manipulating system 
have been formulated. 

Vision. Visual means should be provided to give the 
operator a three-dimensional view of the object and 


vicinity. Preferably the point of view should not be 
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confined. At the present time large shielding windows 
are the only viewing devices that fulfill all of these 
requirements. Design and construction of these win- 
dows is discussed in the article on page 46. 

Binocular periscopes have been built, but not in a 
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FIG, 4. Seven degrees of freedom shown by double-ended arrows are 


form that fulfills all of the above requirements. They 
generally lack flexibility and confine the eyes of the 
operator. Stereo television has been reduced to prac- 
tice, proving the feasibility of such a system but also 
pointing out the need for further research and develop- 
ment to improve resolution and the blending of the two 
pictures. The possibilities look good.* 

Degrees of freedom. The mechanical arm must 
have a minimum of three independent degrees of freedom 
of effective translation, three independent degrees of 
rotation, and an additional degree of freedom to open 
and close the tongs, as shown in Fig. 4. Additional 
degrees of freedom are often needed to change the shape 
of the arm, extend its working volume, add gripping 
motions or to eliminate “‘zenith”’ effects such as when 
two axes become parallel. 

Control handle arrangement. The control handle and 
drives should be arranged so that the tongs are driven in 
or nearly in synchronism with the handle. The angles 
should be synchronous with errors not exceeding 20° or 
30°. Experience has shown that errors greater than this 
confuse the operator, slowing him down and increasing 
his probability of making errors. These angles can 
possibly be increased if more training is provided. 

Position synchronism is probably not as important as 
the requirements for preserving angles. Considerable 
changes in relative positions of the control handle and 
manipulator tongs give the operator little trouble. 

Drive system. To fulfill the requirement for com- 
pliance or bilateral action needed when manipulating 
mating parts or operating equipment, the drive system 
for all seven principal degrees of freedom should be 
bilateral. This feature, when used with the control- 
handle arrangement already discussed, not only gives 
the manipulator compliance; it also reflects forces in a 
natural and intelligible manner. 


*H. R. Johnston, C. A. Hermanson, H. L. Hull. Stereo- 
television in remote control, Electrical Engineering 69, 1,058 
(1950), and Electronics 24, 120 (1951). 
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A bilateral system referred to here is one that repro- 
duces position and force from: the input to the output or 
Of course, the effective inertia and friction 
should be low. An efficient light mechanical linkage is 
one example of this type of bilateral system. Effective 
inertia loads in the translational motions up to 5 or 10 
pounds do not seem to greatly interfere with the dex- 
terity. Friction forces, however, must be held quite 
low—a small fraction of a pound. 

Balance. Since the manipulator arm and control arm 
and handle necessarily have considerable mass compared 


vice versa. 


to many of the objects that are to be handled, it is neces- 
sary to balance the system against gravitational forces. 

Shape of mechanical arm and control-handle arm. 
The mechanical arm should generally have a long slender 
shape with a high strength-to-diameter ratio and a high 
strength-to-mass ratio. The arm may be on a polar 
coordinate system or rectilinear coordinate system. 

A wrist joint having three degrees of rotation is at the 
end of the arm (generally the lower end). A pair of 
tongs, sometimes replaceable, are attached to the wrist 
joint. The wrist joint and lower portion of the arm 
should be as small as possible so that vision is not ob- 
structed and so that the manipulator can work in close 
quarters around equipment. The arm on which the 
control handle is attached should have a shape similar 
to the manipulator arm so that similar motions will be 
established. 

Mounting. The mechanical arm and control-handle 
arm must be mounted to some fixed reference and have 
the seven principal degrees of freedom with respect to this 
mounting. The mounting can, of course, be moved 
essentially to change the working volume of the manipu- 
lator or its orientation. The mechanical arm could be 
mounted on a remotely controlled vehicle to form a robot. 

Tongs. It is impractical and almost impossible to 
provide the manipulator with a hand having the same 
degrees of freedom as that of the human hand. It is 
desirable, however, to provide the manipulator with a 
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pair of tongs which are suitable for grasping objects 
differing considerably in size, shape and weight. 

Several attempts were made to devise fingers with only 
one degree of operating motion that would essentially 


wrap around the object. A better solution, however, 
appears to be tongs fitted with jaws that move parallel 
to each other. These jaws are generally lined with 
rubber to increase the coefficient of friction. 


SATISFACTORY MANIPULATORS 








. ~-Master handie 


Le ee Ve 


©~-Moster wrist joint 6 1 2 
Approximate scale (ft) 








FIG. 5. First widely used master-slave manipulator, model 4. 
Load capacity is 5 to 10 Ib 


Several manipulators have been designed and con- 
structed at Argonne National Laboratory which fulfill 
the desired conditions fairly well. They have been 
named master-slave manipulators because all the seven 
degrees of freedom of the tongs are slaved to the single 
master handle. All of the motions of these manipulators 
are connected by light, efficient mechanical linkages. 

Figure 3 is an illustration of the master-slave manipu- 
lator, model 4. It is the first manipulator of this kind 
to receive wide popularity and use. The mechanical 
arm enters the shielded enclosure through a hole in its 
roof. The mechanical connections between the master 
handle and slave tongs consist of aluminum tubing, 
stainless-steel cables, Elgiloy tape, gears, ete. Counter- 
weights are arranged so that the manipulator is balanced 
for all positions. Nearly all of the motions use ball 
bearings to keep the friction low. 

Although the construction is very light weight, this 
manipulator has a load capacity of 5 to 10 pounds. The 
maximum load is primarily limited by the strength of 
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FIG. 6. Model 4 ipulat talled in cave. Hole is 
required in roof, limits activity levels to o few hundred curies 


the operator’s hand. Quite often the operator uses two 
hands on one manipulator to get greater forces. 

Figure 4 shows the manipulator installed in a small 
metallurgy ‘‘cave.” The hole in the roof required for 
this manipulator limits the level of activity that can be 
placed in the cave to a few hundred curies of fission 
products. Special shielding and radiation traps can 
increase this level to a few thousand curies. A 2 X 414 
< 3 ft thick window made of laminated glass provides 
good general viewing. 


DESIGN FOR HIGHER ACTIVITY 


Another manipulator of this same general type is the 
master-slave manipulator, model 6. This manipulator 
has the same functional features as the model 4, but 
all of the connections between master and slave side 
pass through a large horizontal tubing. 

Figures 5 and 6 show this manipulator installed in a 
high level physics-metallurgy “cave.” This cave has 
sufficient shielding for several thousand curies of fission 
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FIG. 7. All connections for model 6 master-slave manipulator 
can be made through a large horizontal tubing, allowing higher 
levels of radioactivity to be used than with the model 4 


products. Viewing for manipulation is through one of 
two 21¢ X 3X3 ft thick windows filled with zinc 


bromide solution 


TRENDS IN FUTURE DESIGN 


Mechanically coupled master-slave manipulators fulfill 
most of the specifications that are deemed important to 
be incorporated into a general purpose manipulator, but 
they have several limitations. Installation of these 
manipulators requires that the shielding enclosure be 
designed specifically to accommodate the mechanical 
connections of the manipulator. A second limitation is 
that the maximum load capacity of this kind of manipu- 
lator is limited by the strength of the operator’s hand. 
A third, but less important limitation, is that the control 
handle must move through the same total volume that 
the mechanical slave arm moves through. A compensat- 
ing factor is that the mechanically connected master- 
slave manipulators have relatively high performance 
and can be built at a fairly reasonable cost. 

Additional models of mechanically coupled master- 
slave manipulators are being developed to change the 
general shape so that simpler shielding enclosures can 
be used. One example is a manipulator that can easily 
be inserted into a hole in a vertical shielding wall and 
work in a flexible contamination boot. It will be 


equipped with quickly replaceable tongs. 


FIG. 8. High-level cave has sufficient shielding for several 
thousand curies of fission products. This is made possible by 
model 6 manipulator that needs only small opening for operation 


Electrically 
also under development. 


coupled master-slave manipulators are 
All of the mechanical linkages 
will be replaced with force-reflecting positional servos. 
The operation of these servos is explained in the article 
on page 43. 

These servos can multiply force from one end to the 
other; for example, the manipulator may lift 100 pounds 
with the operator exerting a force of only 10 pounds. 
The servos may also have different displacement ratios 
so that the control handle may move less than the 
mechanical arm. This action will probably be accom- 
plished by having the mechanical arm move approxi- 
mately in synchronism with the control handle except 
when large motions of the manipulator are required. In 
this case the output motions would be a combination of 
position correspondence with indexing velocity added. 

Bilateral servos of this general type can also be used to 
control delicate micro manipulators by having the re- 
flected force multiplied and the output motions divided 
by a number greater than one. In this case viewing will 
probably be through binocular microscopes. 

Arms controlled with these bilateral servos mounted 
on a remotely controlled vehicle can extend most of the 
manipulative skills of the human operator to almost any 
loeation. Robots equipped with these arms and with 
good stereo television will be capable of performing 
complex manipulations. 
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A Force-Reflecting 
Positional 
Servomechanism 


TE BUILD MASTER-SLAVE type manipulators which do 


By Raymond Cc. Goertz not require mechanical connections between the control 
handle and the mechanical arm, an electrically connected 


and Frank Bevilacqua bilateral drive system is needed. The system must 
reproduce position from input to output, and reflect the 
output load back to the input. The entire system must 
also be completely reversible so that a force and a move- 
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FIG. 1. Torque and angle motions for a force-reflecting servo 
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ment of the output will give a corresponding force and 
movement of the input member (knob or handle). 

For the system to be useful for manipulator drives, it 
must have relatively low effective inertia and friction. 
At the same time it must reproduce force and position 
fairly accurately in a one-to-one relationship, or repro- 
duce higher or lower forces on the input compared to the 
output. Similarly, the output motion may be required 
to move through a greater or lesser distance than the 
input. These requirements preclude the use of ordinary 
devices such as synchros, simple motor drives, or simple 
servo systems. 


BASIC PROBLEM 


Figure 1A shows the simplest type of bilateral drive— 
a rigid, low-inertia shaft that has very low friction. 
Assume that the knobs on either end have negligible 
Any angular input, 6,;, drives the output, @,, 
through an equal angle. Any torque output, T., reflects 
a torque, 7;, of equal magnitude. This system is ideal 
for a one-to-one force and position drive where mechani- 
eal connections can be used. 

The basic problem is effectively to cut this ideal shaft 
in two as shown in Fig. 1B, but to maintain the original 
balance of torque, T; = 7., and position, 6, = @;, using 
only electric wires between the two. 

A solution to this problem is to provide a positional 
servomechanism at the output that will reproduce the 
position of the input, and to provide another servo- 
mechanism at the input which will establish a torque at 
the input equal, or proportional, to the torque at the 
output. 

The first step in the solution of this problem is to 
measure the torque at each end, and convert it into 
electrical signals whose magnitude and polarity corre- 
spond to the torques. Some form of strain gage attached 
to, or built into, the input and output member is suitable 
for this purpose. This torque measuring system actually 
measures the displacement of a comparatively stiff 
spring. It is also necessary to measure the angular 
positions of the input (or master side) and the output 
(or slave side). Synchros, potentiometers, linear dif- 
ferential transformers, etc., are suitable for converting 
the mechanical angular position into an electrical signal. 
These measuring devices are illustrated schematically 


inertia. 


in Fig. 1C. 


TORQUE CONTROLLER 


Figure 2 is a schematic illustration showing a torque 


controller driving the input shaft, 6;. A torque measur- 
ing device, 7;, is placed between the input knob and the 
output of the torque controller. A similar torque 
measuring device, T,, is placed on the far end of the 
output shaft. A voltage, er, equal to the difference 
between 7; and T, is the input to the torque controller. 
The torque controller therefore may be activated by a 
torque applied to either the master side or the slave side. 
Assume, for example, that a torque, due to some load, 
appears at the slave end and causes a signal, 7’,, to be 
generated. This signal, if not opposed by a correspond- 


ing signal from 7';, will cause the torque controller to 
drive the input shaft, 0;, in the direction of the applied 
torque on the slave end. This motion will continue 
until a balancing signal, 7;, equal to 7’, is generated. 
The only way this can be done is for the master side to 
experience a load proportional to that on the slave end, 
such as a push against the operator’s hand. 


POSITION CONTROLLER 


Figure 3 is a schematic illustration of the positional 
servomechanism which drives the output, 0,, to corre- 
spond to the angular input, @;. Most of the principles 
of this servo are similar to those covered quite exten- 
sively in the literature. 

The torque controller and the position controller, each 
comprising an amplifier, stabilizing networks, servo 
motor, gear train, etc., must have special characteristics 
to fulfill the needs of a high-performance master-slave 
manipulator. They must be capable of high accelera- 
tions, have fairly high natural frequencies, and be highly 
damped. Stability requirements are quite complicated 
for this system since any oscillations or perturbations in 
one servo are passed on to the other. 


COMBINED SYSTEM 


The combination of the two servo systems for a 
force or torque reflecting positional servomechanism is 
schematically illustrated in Fig. 4. The following is an 
example of what takes place in the double-loop system. 
Assume a torque is applied to the input knob. A signal 
from 7; will be received at the torque controller to drive 
6; in the direction of the applied torque. As @; turns 
as a result of this action, a positional signal, 6;, will be 
sent to the positional servomechanism, causing @, to 
follow 6;. Under no-load conditions, this motion will 
continue with very little input torque being required. If 
the output, however, encounters a load, a signal, 7’, will 
be sent back to the torque controller to cancel out 7’, 
thereby causing 6; to slow down or stop unless a torque 
is supplied at the input to match the output load. 

The system is bilateral and either the torque servo or 
the position servo can be on the input side. 

The master-side torque may be made smaller or greater 
than the slave-side torque by adjusting the comparative 
sensitivities of T; and T,. In a similar manner, 6; may 
be made smaller or greater than @,. 

The torque or force measuring units must be close 
enough to the input master handle and the slave output 
to give true input and output signals. If the gain of the 
controllers is made high, friction and inertia of the servo 
motors and gear trains are overcome as long as maximum 
acceleration, maximum velocity, or maximum torque 
are not exceeded. 

Several models, using small servo motors, have been 
reduced to practice. Since this system is a double-loop 
servo which must have good damping for all loads from 
zero to infinity, the stability problem is quite compli- 
cated. More research and development is needed to 
improve the performance and develop higher-horsepower 
systems. 
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Design 
and Construction 


of Shielding Windows 


By K. R. Ferguson 


ZINC BROMIDE-WATER VIEWING WINDOW 7 ft. thick makes it possible to see 
Argonne’s new 60-in. cyclotron in operation without radiation hazard 


BSERVATION of a procedure involving radioactive mate- 
rial is complicated by the necessity of seeing through or 
around the required biological shield. One solution to 
the problem is the use of shielding windows. A shielding 


window is an opening in a biological shield that is filled 


with an optically transparent material having the same 
radiation protecting properties as the surrounding shield. 

To understand the use of shielding windows, familiarity 
with the requirements of a viewing system for remote 


observation and manipulation is needed. Such a system 





During World War II occasional use was made 
of water-filled windows in laboratories using radio- 
activity. Some consideration was given to increasing 
the shielding effectiveness by using a nearly saturated 
Prior to 1948, 
a few liquid-filled windows using a water solution of 


sall solution such as zine chloride. 


zine bromide were in use at Oak Ridge. 

In the fall of 1948, a general survey of dense liquids 
suitable for use in windows was made al Argonne 
National Laboratory (6). Subsequent development 
work has been centered on zinc bromide solution. 

In the summer of 1948, tests were made of a window 
tank filled with one-inch-thick glass plates with a 
liquid laminate between the sheets to reduce the surface 
The possibilities of this type of glass- 
Prelimi- 


reflection. 


filled window appeared to be promising. 





History of Shielding Windows 


nary tests of the coloration of commercial lime glass 
by gamma radiation indicated that this glass could 
not be used for windows much thicker than one foot. 

The utilization of glass as a transparent shielding 
material was dependent upon the development of a 
In 1947, a 
number of glasses containing small percentages of 


glass that was inhibited to coloration. 


cerium oxide were prepared by the Corning Glass 
Because 
of the need for improved X-ray tube glass, other glass 


Works; these withstood radiation very well. 


manufacturers had been experimenting along similar 
lines. In particular, Pittsburgh Plate Glass Com- 
pany had been experimenting with a cerium-contain- 
Both companies supplied a “‘non- 


of thick 
The first windows were assembled in 1949. 


ing lime glass. 
browning” lime glass for fabrication 


windows. 
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should in essence give the same visual impressions at 
the operating position as would be obtained by moving 
around inside the shield. These visual impressions de- 
pend on the following factors: 

1. A wide angle of view and the ability to scan to 
provide an impression of over-all size and spatial rela- 
tionships in two dimensions. 

2. Depth perception to ‘‘round out” the view. 
is a powerful aid in manipulation. 

3. The ability to view from various vantage points 
and distances. 

4. Color perception. 


This 


CAPABILITIES AND 


5. The ability to use optical aids for special purposes 
such as macro- and micro-examinations. 

In addition, the image should be sufficiently free of 
distortion and other optical defects to allow prompt 
interpretation, and of sufficient resolution to permit 
perception of fine detail. 

As will be seen in the next section of this article, 
viewing windows can satisfy most of the basic require- 
ments listed. To overcome their shortcomings, such 
as the inability to use optical aids for micro-examination 
with them, periscopes or other viewing methods can be 
employed. 


LIMITATIONS OF WINDOWS 


Water, concentrated aqueous solutions, and glasses of 
various compositions have all been used in viewing 


windows. A simple and popular form of window in 
which these materials are used is a rectangular solid, 
although a frustrum of a pyramid is sometimes used. In 
either case, the optical faces are parallel, and the window 
is in effect a thick parallel plate. 

In actual applications, these windows have exhibited 
many capabilities and some limitations; among these are: 

1. They can provide shielding equivalent to as much 
as 4 ft of concrete for continuous exposure to gamma 
rays—more for intermittent duty. 

2. The stability of materials other than water is not 
as well known for neutron as for gamma irradiation. 

3. Apertures as big as 5 ft square are feasible. This 
allows the operator to move around quite freely while 
working. With a small shielded enclosure, this freedom 
can be used to achieve a variety of vantage points. 

4. With a large enclosure, however, gross changes of 
vantage points require multiple windows and operator 
mobility. This may require multiple control stations 
for manipulative equipment or preclude the use of 
mechanically-connected manipulators. 

5. With windows, more of the elements of normal 
vision are retained than with any other single viewing 
method. The field of view can approach 180 degrees, 
over which the eye can rapidly sean. Unimpaired 
binocular vision is retained with a minimum optical 
distance, since the optical thickness of the window for 
small angles of incidence is 1/n of the actual thickness, 
where n is the index of refraction of the window material. 
For objects close to the inner surface of the window, 
image size and depth discrimination are perceptibly 
increased. 

6. Used in conjunction with master-slave manipula- 
tors, windows allow the use of standard, commercial 
apparatus for experimental-type work. Nearly normal 
operator-equipment orientation is maintained. 


OPTICAL PERFORMANCE 


One of the limitations of viewing windows is the slight 
reduction of the acuity and quality of vision that they 


cause. Three optical factors are affected: resolution, 
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discrimination of color and contrast, and freedom from 
distortion. . 

Resolution. A window introduces chromatic aberra- 
tion, spherical aberration, and localized optical im- 
perfections, all of which contribute to a slight loss of 
resolution. 

For vision with the unaided eye, most of the loss can 
be attributed to chromatic aberration and occurs only 
for viewing distances shorter than a few multiples of the 
window thickness. Looking through a 3-ft-thick window 
at an angle of incidence of 60 degrees, one can just 
measure the loss of resolution at an observer-to-object 
distance of 8 ft, although color fringes are definitely 
observable at greater distances. 

For magnified vision through a window with a tele- 
scope, tests indicate that local imperfections are of minor 
importance compared with spherical and chromatic 
aberrations (1). Resolution can be increased by optimiz- 
ing the aperture, that is, the diameter of the objective 


lens, of the telescope as the viewing distance is varied. 


For apertures smaller than optimum, the resolution 
of the telescope-window system is reduced by the tele- 
scope; for larger apertures, by the window aberrations. 

When objects closer than 100 ft are viewed under 
white-light illumination, the usable magnification drops 
rapidly as the angle of incidence is increased. The 
magnification approaches unity at an angle of incidence 
of 60 degrees. This magnification can be increased 
slightly by using monochromatic lighting such as that 
obtained from sodium-vapor lamps. 

Discrimination of color and contrast. Color is im- 
portant in most viewing. It can be preserved by using 
colorless window materials and white-light illumination. 
As pointed out in the previous section, the use of mono- 
chromatic lighting will increase the resolution that can 
be achieved in some cases. But because of the loss of 
color discrimination, this type of lighting is to be desired 
only where the use of white light would actually interfere 
with observation. 

Object lighting contrast is a paramount optical factor 
in the discrimination of detail. With good window 
materials and designs, the existing contrast will not be 
altered perceptibly. Haze in liquid windows, incomplete 
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polish on glass surfaces, and multiple surface reflections 
are some of the factors that must be controlled to preserve 
contrast. These factors are discussed in later sections. 
Distortion. A window introduces distortion that 
curves plane surfaces because the apparent distance of 


TRANSPARENT SHIELDING 


objects is a function of the window thickness along the 
line of sight. This curvature is severe only when the 
viewing distance approximates the window thickness, or 
when viewing at an angle of incidence greater than about 
60 degrees. 


MATERIALS 
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FIG. 1. Increase in linear absorption coefficient of commercial 
lime glass with Co®® gamma irradiation. Coefficient values are 
for the transmittance of sodium light. Exposure is average 
received by volume of air occupying same position as glass 


The material used for a window should have approxi- 
mately the same shielding effectiveness per unit of 
thickness as the rest of the biological shield. Interest 
has been concentrated, therefore, on materials with 
half-value layers comparable to those of concrete, steel, 
and other common shielding materials. 

A second requirement is that the window material 
have such desirable optical properties as: a high trans- 
mission of at least a portion of the visible spectrum; 
freedom from imperfections such as local variations of 
index of refraction (striae); a minimum of haze or 
turbidity; and a high index of refraction, to permit a 
large angle of view through a small window aperture. 

A third requirement is stability of color and clarity 
against both time and intense radiation. Further 
factors for consideration are the installed cost of the 
window, and the radiation hazard and possible toxicity 
of the window material in case of breakage. 

Several transparent shielding materials satisfy 
weighted versions of these requirements. 


WATER 


The logical choice for economy and radiation stability 
is distilled or freshly filtered water. Advantages are 
that it is sufficiently clear to permit excellent vision 
through thicknesses of 10 ft or more, cheap enough to be 
attractive in spite of the larger size required by its low 
density and index of refraction, literally water-white, and 
virtually unaffected by gamma or neutron absorption 

Its low density does require a window 2.5 to 8 times 
as thick as an alternative glass or dense liquid window, 
however. Perception of detail for objects near the 
window is correspondingly impaired. For installations 
far from the window, lower density is of less dis- 
advantage. 


FiG. 2. Increase in linear absorption coefficient of nonbrown- 
ing lime glass with Co gamma irradiation. Coefficient values 
are for the transmittance of tungsten light. Exposure rate was 
4x 10‘ r/hr 


For a given angle of view, a water-filled window re- 
quires a greater aperture through the shield. This will 
require larger and thicker cover plates—in extreme cases, 
multiple panes strengthened by mullions. 

Deposits and cloudiness have been observed in some 
windows filled with filtered water. This is not well 
understood, and the need to replace the water and 
remove the cover plates for periodic cleaning should be 
anticipated. 


ZINC BROMIDE SOLUTION 


A water solution of zine bromide is in current wide- 
spread use as a window material (2). A general speci- 
fication has been developed for the requirements of the 
“optical grade” solution (3). Some properties of the 
zine bromide solution are listed in the table. The 
solution density is 2.50—-2.54, corresponding to 77.0- 
78.3% dry weight of zinc bromide (16.0—16.6 lb of dry 
zinc bromide per gallon of solution). The density range 
of the solution has been chosen to give a freezing point 
approximately that of water. This allows the solution to 
be shipped by common carrier with ordinary precautions 
against freezing. 

At the current dry-weight price of zine bromide, 
$0.78/lb, the average price of the solution is $13/gallon 
With material of the quality currently being produced, 
it is no longer necessary to provide for periodic filtering. 

The light transmission of the solution is excellent, 
and the thickness of a window is limited only by the 
radiation stability of the solution. 

Hazes. Occasional difficulty has occurred with haze 
formed by the slow precipitation of alkaline earth 
sulphates. Barium, strontium, and calcium have been 
identified, and the haze is attributed to mixing different 
production batches of solution. However, metallurgical 
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experiments were continued behind a 3-ft window while 
such a haze formed and settled out after 9 to 12 months. 

Oxidation. Contact with the air or exposure to 
radiation can cause oxidation. In either case the solu- 
tion will be deeply colored by the oxidation of only a 
few parts per million of iron. In the absence of any 
reducing agent, exposure to radiation will liberate free 
bromine from the solution. 

To prevent these effects, a reducing agent is added 
whose oxidation products introduce neither color nor 
haze to the solution. Hydroxylamine hydrochloride, 
H,NOH-HCL, is satisfactory in this respect. The 
addition of 4 ounces per 100 gallons of zine bromide 
solution will protect a thin layer of the solution from a 
10*r exposure. Ina thick window, relatively unexposed 
solution on the operator’s side will be mixed (stirring 
may be required) with exposed solution from which the 
reducing agent has been exhausted. On this basis, an 
exposure to Co® radiation of about 107 r will be required 
to consume this reducing agent in a 3-ft-thick window. 

The gaseous oxidation products of hydroxylamine are 
somewhat soluble in the zinc bromide solution, but inci- 
dent exposures of 10° to 10° r within 24 hr. will certainly 
cause gas evolution. If the bubbles rise rapidly the 
effect may not be serious. 

The sulfide-ion concentration in the zinc bromide 
solution can be kept below a few tenths part per million 
by completely oxidizing the solution during its prepara- 
tion. Unless this is done a haze of free sulfur, which 
will not be reduced by the stabilizer, will form. 

Contamination. Hazes and coloration can also be 
caused in zine bromide solutions by contaminants dis- 
solved from the walls of the window tank. Nickel and 
cobalt are soluble in and impart color to the solution. 
Chromium from dissolved stainless steel will slowly 
precipitate and form a haze. Many organic materials 
will impart strong color and produce dense hazes. 

Contamination and its effects can be eliminated by 
allowing only materials that have not exhibited con- 
tamination in tests lasting a year or more to come into 
contact with the solution. Polythene, Tygon, Koroseal 


(all types), and hard rubber can be used for limited 
periods, preferably less than one day. 

Whenever feasible, a seven-coat application of Amer- 
coat 31 over hot-rolled steel is recommended because of 
its superior resistance to zine bromide, ease of applica- 
tion, and economy. Lithcote, Teflon, and silver are also 
satisfactory; Koroseal 9234, copper, stainless steel 347, 
and brass are suitable for limited peridds. 


OTHER DENSE LIQUIDS 


A number of other dense liquids and aqueous solutions 
have been considered as prospective window materials. 
The list includes: lead acetate, zinc chloride, methylene 
bromide, acetylene tetrabromide, a mixture of stannic 
bromide and stannic chloride, barium and mercuric 
bromide, and cadmium borotungstate (2). Further 
development might improve the competitive position 
of some, but most have been ruled out for reasons of low 
density, high cost, instability, or toxicity. 


SHIELDING GLASSES 


The pertinent properties of some commercial glasses 
suitable for shielding and some shielding glasses now in 
the development stage are listed in Table 3. Other 
properties of nonbrowning lime glass have been specified 
elsewhere (4). 

Glass may be manufactured for windows in the form 
of polished plate or as cast sections. The maximum 
practicable sheet size for production of 1-in.-thick plate 
glass with suitable optical quality is about 5 ft square. 

X-ray lead glass is manufactured in \4-in. thickness 
only, but it can be laminated with plastic sheet to a 
3-in. thickness. The largest castings of dense lead glass 
with good optical quality have been 400 in*. Larger 
glass castings are still in the preproduction stage. Itis 
believed that castings as large as 36-in. square and 4-to 
6-in. thick will be feasible. 

_ Radiation tests. The factors that influence the 
change in light transmission of glass exposed to gamma 
radiation include: (1) exposure rate and total exposure; 





Physical Properties of Transparent Shielding Materials 


Index of 
Type 


Optical 
transmittance* 


Density refraction Tungstent Sodium 





Radiation 
stability 
indert 


Fading Price 


Color index§$ per poundtt 





Commercial lime* 2.52 .52 
Water-white lime 2.5 .52 
Nonbrowning lime ™ 6 .53 
Corning 8362 ‘ 59 
X-ray lead §|| ; .76 
Dense lead ** 5. .98 


Zine bromide solution ft ; 56 


94.6 
99.0 
96.8 
97.6 
90.0 
94.1 

98.5 


* Optical transmittance in per cent for 1-in. thickness and 
average specimens, less surface reflection. 

+ Light of the quality of I.C.I. Illuminant A. 

t The exposure in r required to produce a change in optical 
density of 0.01, for white light and a thickness of one half-value 
layer. Optical density is the common logarithm of the reciprocal 
of the transmittance. The exposure rate was 100 and 700r/min. 

§ The ratio by which the exposure must be increased in order 
that the change in optical density is 0.01, two weeks after the 





Colorless 
Light yellow 
Yellow 
Deep yellow 
Yelllw-orange 
Colorless 


Green .6 30 
5 1. 
3: 


termination of the exposure. 

* Commercial samples from the Pittsburgh Plate Glass Co. 

|| Transmittance and price are for laminated sections. 

** Commercial samples from the Penberthy Instrument Co. 
A similar glass has been prepared experimentally by the Corning 
Glass Works. 

tt Commercial samples from Dow Chemical Co. 

tt Approximate prices as of September, 1952. 
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(2) continuity of exposure; (3) time elapsed between 
exposure and transmittance measurement; (4) tem- 
perature during and following exposure; and (5) for some 
glasses, the amount of visible light incident on the glass 
during and following exposure (6). 

Figure 1 shows the change in the linear absorption 


coefficient of commercial lime glass when exposed to 
gamma radiation. All samples were kept at room tem- 
perature and in darkness during and after exposure. 

Figure 2 shows the change in linear absorption coeffi- 
cient for nonbrowning lime glass caused by gamma 
irradiation. 


CONSTRUCTION OF WINDOWS 


Three window constructions developed over the past 


several years will be discussed. These designs are 


typical and represent the best current practice for their 


respective types. In each of these designs, radiation 
effects, thickness, lighting requirements, and viewing 
area have been considered. 

Radiation effects. The controlling consideration is 
the effect of radiation on all of a window’s components, 
including tank lining materials, gaskets, and laminating 
liquids, as well as the transparent shielding material. 
The performance of complete window assemblies in 
gamma-ray shields with thicknesses equivalent to as 
much as 4 ft of concrete has been well tested in operation 

Thickness. Bulk shielding tests made on hot-labora- 
tory installations indicate that the gamma-shielding 
properties of ordinary concrete, magnetite concrete, 
zinc bromide, lime glass, and steel can be compared 
approximately on the basis of specific gravity alone. 
Lead glasses, however, are better shields than indicated 
by their specific gravities. One glass with a lead oxide 
content of 80% and a specific gravity of 6.2 is equivalent 
to steel for 1-Mev radiation. 

Lighting. The same considerations are involved in 
lighting a shielded enclosure as in lighting any other. 
Proper weight must be given such factors as brightness, 
diffusion, and elimination of objectionable shadows. 

Once a satisfactory level of illumination is determined, 
it is necessary to increase the level to allow for the ab- 
sorption of the window. The initial 
values should be reduced to correct for the ultimate 


transmittance 


radiation darkening of the glass sections of the window. 


Stirring port ~ ~_ 


Clamping bors ~ - 


Air vent — - — - --— 


Area. The minimum window area depends on the 
desired degree of freedom in observer or equipment 
position. For a small piece of fixed equipment, the 
narrow cone of vision through a quite small window will 
suffice. If the observer is free to move from side to 
side and up and down to “scan” a larger angle, the next 
smallest aperture, whose frontal dimensions are easily 
calculated from the index of refraction of the window 
If the same angle must be scanned 
from a more fixed vantage point, the aperture at the 
inside face of the shield will be twice as large; the window 
in this case may be pyramidal, however, with a volume 
about equal to that for the second case. If the operator 
must have freedom to move about coupled with wide 
coverage of the interior, as with a manipulator, the aper- 
ture must approach the size of the working area. 


ZINC BROMIDE WINDOW 


Figure 3 shows a zine bromide window, 30 X 36 X 36 
in. thick, sealed in a concrete wall by means of a liner 
The use of a 
removable window allows it to be assembled in a room 


material, will result. 


which is cast directly into the wall. 


with special facilities and to be installed in the shield 
without interruption of other construction activities. 

The crack between the window tank and the liner is 
shielded by a step made of lead which is held in place 
by strips of steel over the lead. When neutron radiation 
is present, cracks must also be calked tight. 

The window tank is fabricated from hot-rolled steel 
plates with minimum of welding (intermittent structural 
welds on the outside and light seal welds on the inside) to 


Expansion chomber 


— —-Window tonk woll 


-—-——-~-—Gaskets 


~-Window tank lining 
Laminated nonbrowning gloss 


*-----—-—-Leod step 








FIG. 3. Construction 
details of zinc bro- 


mide window ie Sade —Woll hiner 


Transfer rail quides-~~— 


Window tank supports 
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Laminated commercial glass——’ 





FIG. 4. Construction 
details of glass win- 
dow 


Glass plate supports — - - - 


Filling tube — — — 


Fractional thickness plotes 


decrease the possibility of warping the frame. Major 
machining is required only on the ends of the tank to 
form the gasket seats. 

The type of clamping arrangement illustrated here 
requires a minimum thickness (144 in.) of tank wall. 
The clamping bars are not joined together at the corners 
so that each may seat individually. The gaskets that 
come in contact with zine bromide should be fabricated 
from Koroseal (grade 116, B. F. Goodrich Co.) ; the inside 
gasket should be continuous and cut from sheet stock. 

It is desirable to laminate the glass cover plates. In 
large windows it is required for strength, but it is always 


desirable as a safeguard in case one plate is damaged. 
The glass may be tempered for still greater strength. 
Provision should be made for the thermal expansion 


of the liquid. The coefficient of cubical expansion for 
zine bromide is about 0.6 X 10-*/° C. For a tempera- 
ture change of 20° C, a volume change of 1.2% results. 
If an external expansion tank is used, it should be located 
directly above the window tank and should be of mini- 
mum height so as not to increase the hydrostatic pressure 
on the glass cover plates excessively. An internal 
expansion space is a satisfactory arrangement. The air 
vent on an internal or external tank should be kept free 
at all times. 

Striations will be encountered in the zine bromide 
solution when originally filling the window tank or when 
making adjustments to the liquid level. These striations 
can be removed by stirring the solution for a short time. 
A stirring port, as shown in Fig. 3, is convenient. A 1.5- 
to 2-in. pipe is lined with copper tubing which is silver- 
soldered to the main tank wall. The Amercoat paint 
is lapped well up on the copper to cover the joint. A 
steel plug is shown in the stirring port to cover the slot 
in the wall required to accommodate the port. 


GLASS WINDOW 


Figure 4 illustrates a glass window 30 X 36 X 36 in. 
thick. The glass used here is 1-in.-thick plate glass. 
The surface reflections from the many plates are almost 
completely removed by filling the space between plates 
with a mineral oil with an index of refraction about equal 
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~~ -~Window tank support 


to that of the glass. This space between the plates is 
maintained by soft copper spacers at the four corners. 
The thickness of the spacer is 0.025 to 0.035 in. Since 
the oil is of lower density than the glass, the crack be- 
tween the glass and tank wall must be stepped. 

The glass plates are supported on }4-in.-thick strips 
of Koroseal, grade 116. Koroseal also can be used for 
the gaskets. 

Because of the variation in thickness of the glass plates, 
the window might not be filled with an integral number 
of plates. Any remaining space should be filled with 
1g- or 34-in. plates or a combination of both. If they 
are installed on the operator’s side, these fractional- 
thickness plates may be commercial plate glass. 

After the tank is sealed, the oil is introduced slowly 
through the lower filling tube. A slight space is letf 
at the top of the tank for thermal expansion. 


COMPOSITE WINDOW 


Combinations of transparent materials may be used to 
achieve a window with properties not possible with any 
single material. In some high-level applications it will 
be necessary to use nonbrowning glass instead of zinc 
bromide on the active side of the window to prevent 
bubbling of the solution. The use of dense lead glass on 
the operator’s side will reduce the window thickness and 
the size of the window required to view a given area. In 
addition, these glass sections afford some protection to 
personnel in case of sudden loss of the liquid shielding. 

A composite window thus consists basically of zine 
bromide solution, used for its optical quality and econ- 
omy, supplemented by nonbrowning glass for radiation 
stability, and dense lead glass for reduced size. 
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Coloration 
of Optical Glass 
igh-Energy Radiation 


By George S. Monk 


RANSMISSION OF LIGHT through many standard optical 
glasses is sharply diminished by the coloration produced 
in them by high-energy radiation. This seriously limits 
the use of optical instruments with highly radioactive 
materials. 

Modification of the glass formulas by addition of 
cerium oxides, has made it possible to produce glass with 
the required optical characteristics that does not color 
even after exposure to as much as 10° roentgens. Work 
at the Metallurgical Laboratory, University of Chicago, 
and at Argonne National Laboratory, coupled with data 
from glass technology, has led to the formulation of a 
qualitative theory of coloration and its inhibition. Dur- 
ing the development of noncoloring glass, the effect of 
radiation on other optical materials was also studied. 

Uses of noncoloring glass. In work with high levels 
of radioactivity, operations are carried out behind thick 
shielding walls or at great distances. In all cases where 
detailed viewing is required, involving the use of optical 
instruments or windows close to the radioactive material, 
If television is used, 
optical lenses are needed for the camera. 


noncoloring glasses are essential. 


Other uses also exist. Chemical glassware and radio- 


QUALITATIVE THEORY 


No theory of glass coloration and its prevention has 
quantitatively. Current theories and 
terminology in the field stem from the theories of ioniza- 
tion in alkali halide crystals. But, according to theories 
first summarized by Zachariasen (1), glass has a network 
structure. The theories developed for crystal structures 


been proved 


NONDARKENING LIME GLASS has been developed in coopera- 
tion with a number of industrial firms. Glass cylinders in top 
row were exposed to from 0 to 140,000 roentgens. Treated 
glass in bottom row has been exposed to from 0 to 10-million 
roentgens 


isotope contajners that do not darken would be useful in 
experiments with radioactivity. If fission products are 
used for sterilization of foods and drugs, the use of glass 
containers that do not discolor when irradiated would 


make the product more attractive and salable. 


cannot be extended to glass per se.* The qualitative 
theory suggested here is subject to further experimental 
proof. 


* That glass is not entirely perfectly random in structure is 
indicated by later research, but the randomness is sufficient to 
remove it from ordinary crystal form. 
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In a discussion of coloration, it is necessary to dis- 
tinguish between it and the intrinsic color of glass. 
Intrinsic color is the original color of the glass. The 
technology indicates that the intrinsic color is caused by 
absorption bands of the constituent oxides. A single 
oxide is not always responsible; other oxides present may 
cause the first to exist in either of two or more valence 
states, each of which has a particular absorption band. 

Coloration may be defined as a change in the absorp- 
tion of visible light. High-energy radiation can cause 
such a change in several ways, of which two are impor- 
tant. First, as in the alkali halides, radiation can 
displace electrons which then lodge in “holes” in the 
structure and form color centers. Second, it can change 
the valence state of a multivalent oxide, thus changing 
its absorption band. This is an oxidation or reduction 
process. 

Available evidence indicates that if, in a given volume 
of glass, there is a metallic oxide which is easily changed 
in valence (FeO; to FeO, for instance), the energy of the 
radiation is used not to displace an electron to form a 
color center, but to change the valence state of the most 
easily affected multivalent oxide. 

A number of multivalent or bivalent oxides could thus 
act as inhibitors of coloration by electron displacement. 
This is the case; oxides of Cr, Mn, Ce, As, Sb, and Fe 
retard coloration by high-energy radiation. Unfortu- 
nately, most of these have absorption bands in the visible 
spectrum in either or all valence states. Glass contain- 
ing these oxides is thus not intrinsically colorless. 

Both CeO, and CeO; have their absorption bands in 
the near ultraviolet, however. Furthermore, not much 
energy is required to cause a shift in valence. A tenta- 
tive explanation of why cerium is a good coloration 
inhibitor is that high-energy radiation causes a shift from 
ceric to cerous oxide, with no consequent introduction 
of a visible absorption band. 


Experimental confirmation of this hypothesis exists 
in the fact that a specified amount of cerium oxide added 
to glass will protect it up to a certain radiation dosage; 
higher dosage then causes coloration. A higher percent- 
age of the oxide protects the glass to higher doses. The 
inference is that after all of the ceric compounds have 
been changed to cerous, the additional energy displaces 
electrons from the sodium, silicon, or other constituents, 
leading to the formation of color centers. 

Arsenic and antimony also have colorless oxides, but 
they are not as good as cerium as an inhibitor. This has 
not been explained as yet, but it probably has to do with 
the stability of their compounds compared to that of the 
constituents of glass. No simple generalization is yet 
possible. 

The role of other ingredients in the glass is extremely 
complicated. For instance, while many trials indicate 
that the inclusion of arsenic together with cerium results 
in poor intrinsic color and also a reduction of resistance 
to coloration, some recent tests show that the inclusion 
of a small amount of arsenic in a cerium-stabilized glass 
helps prevent coloration. Possibly the melting process 
is also involved in these seeming discrepancies. 


FADING 


Coloration produced by radjation often fades under 
normal conditions or when the glass is exposed to heat or 
another form of radiation. Fading is essentially due to 
the return of displaced electrons to their norma! positions. 

The amount of coloration depends, therefore, not only 
on changes caused by high-energy radiation. If fading 
proceeds at the same rate as coloration, the glass can be 
said to be noncoloring. A study of this aspect of inhibi- 
tion of coloration has been initiated. It is possible, in 
work where optical instruments are intermittently 
exposed to radiation, to take advantage of the fading of 
coloration. 


COLORATION EXPERIMENTS 


In a preliminary series of experiments, spectrophoto- 
metric studies were made of common optical glasses that 
had been irradiated inside the shield of the Clinton 
reactor. Almost universally, transparent optical glasses 
become colored by the growth of absorption bands, 
principally in the short-wavelength region. Enough was 
known about the problem to believe that coloration was 
independent of the particular sort of radiation used. 
This was justified by the results. 

One exception was boron-containing glasses. This was 
attributed to a phenomenon named the “edge effect,” 
which will be discussed later. 

Since the degree of coloration varied among the glasses 
tested, an attempt was made to correlate the composition 
of the glasses with the amount of coloration. No abso- 
lute correlation was found among all the glasses, although 
several were suggestively strong. 

One sample of a crown flint, containing a higher-than- 
usual percentage of antimony oxide, exhibited little 


coloration. The role of antimony as an effective modifier 
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of ultraviolet transmission and even of intrinsic color in 
glasses had been well known for some time in the em- 
pirical research of glassmaking. This led to a considera- 
tion of the possibility that it or other oxides might be 
used as inhibitors of coloration due to high-energy 
radiation. 


PROTECTED OPTICAL GLASS 


In 1947, Corning Glass Works supplied a variety of 
glasses containing antimony and other multiple-valence 
oxides. Those containing a small percentage of cerium 
oxide withstood radiation very well. 

The use of cerium oxide to prevent coloration was 
propounded in a patent by Montgomery (2) in 1925, and 
by Eckert (3) in 1926. Pittsburgh Plate Glass Company 
has been experimenting for a number of years with 
cerium-containing glasses. Both Pittsburgh and Corn- 
ing have supplied ordinary noncoloring lime glass for 
use in viewing windows. 

This production of noncoloring lime glass does not 
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solve the problem of obtaining optical glasses, however. 
An exceedingly wide variety of constituents are used in 
optical glass to give the characteristics required by 
present designs in optics. Unless noncoloring glass could 
be produced with these same characteristics, much 
redesign of optical instruments would be necessary. 
Experiments continued, and after many trials, Corning 
produced a quantity of experimental glass samples. The 
compositions of five of these glasses are given in Table 1. 
Each sample contained a small percentage of cerium 
oxide in addition to the constituents shown. These were 
irradiated at the same time as samples of the equivalent 
unprotected optical glasses. The results are 
graphically in Figs. 1-5. The values plotted were ob- 
tained by readings with a visual spectrophotometer in 
comparison with unirradiated samples. The transmis- 
sions of the unirradiated samples were in turn measured 


shown 


directly, using daylight as a source. 

Lead glasses. The extra-dense flint, containing 62% 
lead oxide, (Fig. 5) illustrates also that flint glasses are 
more resistant to coloration. The dense flints 
characterized by an intrinsic yellow color, the depth of 


are 





TABLE 1—Composition of Five Experimental Glasses 


SiO: PbO BaO CaO AliOs ZnO NaxO Kx0 Asis Bids’ 


Glass (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 


Light barium crown—I 59.0 20.0 4.1 3.2 


Light barium crown—II 48.1 20.5 0.15 0.65 9.0 1.0 7.5 


Dense barium crown 40.0 42.3 Trace 3.0 8.0 Trace Trace 


Crown 62.0 1.0 11.0 3.0 5.0 16.0 


Extra dense flint 34.0 62.5 3.0 0.3 





color depending on the lead content. The commercial 
glasses in this group withstand coloration quite success- 
fully, the degree of success also depending on the lead 
content. Addition of cerium increases both the intrinsic 
yellow color and its enhancement by coloration. 

It seems possible that dense lead glasses should be 
made with the present ingredients without the addition 
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FIG. 5. Extra dense flint 


November, 1952 - NUCLEONICS 











TABLE 2—Composition of Glasses that Show Edge Effect 


SiOs BO: BaO PbO AlsO: AtxOs La, TaO: WO: ThO: SrO 
Glass (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 








30.0 12.0 28.0 18.0 12.0 
50.0 38.0 10.0 Trace 
5 37.4 14.0 20.0 


30.0 12.0 28.0 18.0 


—--— Gloss 0 








Drometer (mm) 











FIG. 6. Comparative edge effect darkening in four boron- 
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of cerium. This conclusion may not be justified since 
both the intrinsic color and coloration by radiation seem 
to depend on other constituents of the glass as well as 
on the amount of lead. Experimeritation may disclose 
more suitable compositions than those in standard com- 
mercial glasses. 

Pilot production. After the initial success with 
partial inhibition of coloration of optical glass, Corning 
was asked to supply sufficient optical glass for fabrication 
of lens elements for hot-laboratory periscopes.* Three 
glasses were furnished in lots of about 4 lb each: light 
barium crown, index 1.572, dispersion number 57.4; 
borosilicate crown, index 1.517, dispersion number 
64.5; and extra-dense flint, index 1.648, dispersion num- 
ber 34.1. 

Samples of each of these were irradiated with an 
80-curie Co® source, the total dose being 2 < 10° roent- 
gens. The light barium crown glass was slightly colored. 
Preliminary measurements indicate a drop in visual 
transmission of about 4.5%, principally for the shorter 
wavelengths. No change was found in the borosilicate 
crown glass, which in unprotected form is one of the 
glasses most affected by coloration. The extra-dense 
flint glass is intrinsically slightly yellow; it developed 
some coloration that faded rapidly. 

Cerium content. From 0.25 to 1.5% cerium oxide 
was used in these glasses. The amount used has to be 
limited because, although the peaks of the absorption 
bands are in the ultraviolet, the wings of an intense 
band may extend into the visible, absorbing the blue and 
causing a glass to be intrinsically yellow. Arsenic was 
omitted from all these melts. 


EDGE EFFECT 


Irradiated samples of unprotected glass containing 
boron showed a marked darkening at all edges, decreasing 
in coloration from the face of the glass toward the inside. 


This has been termed the edge effect. Spectrophoto- 
metric measurements of four samples, corrected for 
reflection, are shown in Fig. 6, and constituents of the 
samples are given in Table 2. Only approximate figures 
were available for samples A, C and D. It is evident, 
however, that the amount of boron is not the only factor 
influencing the edge effect. 


* Experimental samples also have been prepared by Bausch 
and Lomb Optical Company. Recently a program of research 
on noncoloring optical glasses has been started at Bausch and 
Lomb under the sponsorship of the Atomic Energy Commission. 
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Pure boric oxide glass, made with the purest powder 
available and fused in a platinum crucible, did not de- 
velop coloration when similarly irradiated. 

The effect can be said to be caused by alpha particles 
emitted by boron made radioactive by thermal neutrons. 
This hypotheses is supported by the fact that boron- 
containing glasses irradiated with fast neutrons or gamma 
rays do not exhibit this effect. Boron glasses protected 
with cerium oxides do not exhibit any edge effect. 


OTHER OPTICAL MATERIALS 


Because of the increasing use of other materials in 
optics, the effects of radiation on some of them were 
investigated in these studies. Extensive tests were made 
on other optical materials, including calcite, natural and 
artificial fluorite, Polaroid, silicas, silicones, and plastics. 
Natural and artificial crystals vary so much in impurity 
content that the results were widely divergent from one 
sample to the next. 

Plastic lenses. Preliminary experiments with Lucite 
indicated that its resistance to coloration was 500 to 
1,000 times greater than that of ordinary optical glass. 
However, correction of lens aberrations requires the use 
of more than a single index of refraction and dispersion. 
Polaroid Corporation has made excellent achromats using 
cyclohexy! methacrylate (index 1.5062, dispersion num- 
ber 56.9) together with polystyrene (index 1.5915, 
dispersion number 31.0) in place of the usual crown and 
flint glasses. 

Samples of these materials were irradiated in the 
Argonne reactor. With an inordinate amount of expo- 
sure, the cyclohexyl methacrylate took on a faint yellow 
color. Unlike most glasses it did not fade after removal 
from the reactor, however. The polystyrene became a 
muddy yellow-brown after prolonged reactor exposure, 
but remained clear with gamma radiation exposures as 
high as 2 X 10° r. 

Polystyrene formulated without using benzoyl! peroxide 
as a polymerization initiator became only pale yellow 
with reactor irradiation. 

* * * 


This article has been adapted and abridged from Argonne 
National Laboratory report ANL-4536 (1950). 


BIBLIOGRAPHY 


1. W. H. Zachariasen. The atomic constitution of glass, J. Am. Chem. 
Soc. 64, 3841 (1932) 

2. R. J. Montgomery, M. R. Scott, “Glass, Composition Therefor,” 
U. 8. Patent No. 1,545,509 (1925) 

3. F. Eckert. A specific case of discoloration and luminescence in glass, 
Z. Tech-Phys. 7, 300 (1926) 








The “Swimming Pool” 
—A Low Cost Research Reactor 


Slightly over $200,000 would be needed to construct and house this 
particularly safe reactor that provides wide flexibility for research. 


Reactor and its controls cost $61,000 when prototype was built in 1950 


By WILLIAM M. BREAZEALE* 


Research Director's Division, Oak Ridge National Laboratory 
Oak Ridge, Tennessee 
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FIG. 1. Three-dimensional view of low cost reactor FIG. 2. Fuel element for low cost reactor 
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I'wo REACcTORs suitable for installation 
in schools and other installations where 
1 copious source of neutrons is needed 
for research are now operating in this 
country. A 
of these—the ‘‘swimming pool” reac- 
tor (1) in the Bulk Shielding Facility 
tidge National Laboratory— 
The other 
suitable reactor is the aqueous, homo- 


modified version of one 


at Oak 
is described in this article. 
geneous reactor (2) developed at Los 
Alamos Scientific Laboratory. 

\ chain reactor of the swimming 
pool type is relatively so inexpensive 
to construct and simple to operate 
that its installation is hardly a major 
project. Declassification of the design 

f the ORNL facility makes a descrip- 
tion possible, even though the actual 
reactor is being used for classified work 
and is not now available for general 
inspection 
the reactor is a thermal 
system using enriched uranium (greater 
than 90% 1 for fuel. 
of an assembly of fuel elements, to- 
gether with control rods, measuring 
devices, and reflector, submerged in a 
water that acts as a shield and 
A sketch of one arrange- 
of the reactor and pool is shown 


1 


Essentially, 


It consists 


pool ol 
moderator 
ment 
in Fig 

The characteristics of the reactor 
are summarized on the next page. 
The critical mass is about 3 kg of U?*5 
but losses due to beam holes, burn-up 
factors make it necessary to 
have at least 3.5kg available. Use ofa 
BeO reflector 10 em thick on all four 
sides of the active lattice reduces the 
critical mass to about 2.4 kg and the 
*nsions to 9 by 12 by 24 in. 


and other 


lattice dimeé¢ 

As can be seen by comparison of the 
flux figures, the design results in a high 
f fast flux to total flux. In the 
the design and 
various elements 


ratic 
sections, 
the 
r are considered. 


following 
construction ol 
of the react« 


Fuel Elements 

The reactor is designed around the 
aluminum-uranium alloy fuel elements 
ed at ORNL. A sketch of one 
fuel element Is shown in Fig. 2. Each 
element is made up of five fuel plates 
that consist of uranium-aluminum alloy 

sandwiches” clad in aluminum. A 
fuel plate contains between 30 and 40 
Each plate is spaced about 


de velol 


gm of U? 
1¢ in. from its neighbor. 
Experiments show that the plates 


* On leave from The Pennsylvania State 
College, State College, Pa. 
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FIG. 3. Partially loaded active lattice of 
low cost reactor. Control-rod mountings 
are on top of fuel elements, with cans con- 
taining ionization chambers behind them 


FIG. 4. Completely loaded active lattice 
of reactor surrounded by beryllium-oxide 
reflector made up of cold-pressed bricks 
in dummy fuel elements 





CHARACTERISTICS OF LOW-COST REACTOR 





Type: Thermal 

Fuel: Enriched uranium in aluminum alloy sandwiches 

Critical mass: ~ 3 kg U**® in 16 fuel elements, 5 plates per element 
(With BeO reflector, reduced to ~ 2.4 kg U***) 

Power: 100 kw (nominal) 

Maximum available slow-neutron flux: 10%? n/cm*/sec 

Maximum available epithermal flux: 3 & 10** n/cm?/sec 

Dimensions of active lattice: 12 in. X 12 in. XK 24 in. high (9 & 12 
< 24 with BeO reflector) 

Reflector: Light water or BeO 

Moderator: Light water 

Cooling: Light water (convective flow) 

Control: Boron-carbide absorbing rods actuated by gravity (~ 5% 
each in A k) 

Shielding: Water plus concrete 

Cost—reactor and controls only: < $100,000 

Power density in active lattice: 2 watts/cm® (Light-water reflector) 

Heat transfer from fuel plates: 14% watts/cm? = 5,000 BTU/hr/ft® 
(Light-water reflector) 

Aluminum to water ratio: 0.3 
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USES OF A RESEARCH REACTOR 





Beck (3) has previously discussed possible research programs for 


a low-cost research reactor. 


It seems worthwhile, however, to point 


out several studies which the “swimming pool" reactor could be used 


for. 


NEUTRON DIFFRACTION. Collimation of the neutron beam is ac- 
complished with an empty pipe leading through the water to the 


surface. 
monoenergetic neutrons. 


ANALYSIS BY RADIOACTIVATION. Ample flux 


This beam can be used with velocity selectors to obtain 


is present for 


satisfactory bombardment of samples for chemical analysis. 


RADIATION DAMAGE. 


also possible. 


RADIOISOTOPE PRODUCTION. 
be produced. 


Relatively few systematic studies have 
been made, and much remains to be done. 


Biological studies are 


Fairly intense specific activities can 
Investigation of short-life beta and gamma activities 


resulting from slow-neutron bombardment is of considerable interest 


at present. 
TRACER STUDIES. 


made radioactive. 


FISSION PRODUCTS. 


As an aid in tracer studies, materials can be 
An example is the study of gear wear (5). 


Exposing a uranium salt to neutron bom- 


bardment makes it possible to obtain fission products for studies of 


their uses. 


The AEC is vitally interested in this work (6). 





retain all of the fission products pro- 
duced during the life of the element. 

These fuel elements can be made at 
ORNL at a cost of about $120 each, 
not including enriched uranium). 
They should be reprocessed after about 
10% burn-up, which corresponds to a 
total reactor energy output of about 
two-thirds of a megawatt-year. 

The AEC facilities for 
recovering the fuel from the spent ele- 


pe ysSesses 


ments, and reprocessing should present 
no problem to the institution owning 
Also, in case of national 
emergency, the fuel can be restored to 


the reactor. 


regular production channels in a rela- 
tively short time. 


Active Lattice 

Twelve to sixteen of the elements are 
placed on end in an aluminum grid to 
form the active lattice of the reactor. 
A conical end box is welded to the 
bottom of each fuel element used in the 
boxes fit into 
holes in the aluminum grid. Figure 3 
shows the bottom grid and a partial 


assembly. These end 


assembly of the core, with guides for 
the control rods in place above the fuel 
elements and aluminum 
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cans con- 


taining ionization chambers in the 
background. 

The grid contains 54 holes, which 
are more than are required to support 
fuefsufficient to make the 
critical. The extra holes can be used 
to hold dummy elements containing 
beryllium oxide reflector or specimens 
to be irradiated, or to vary the loading 
pattern. 

The design of the fuel elements is 
based on the requirement that the 
active lattice dissipates some 100 kw 
by convection cooling, with a reason- 
able margin of safety. This and 
nuclear considerations dictate five 
plates per element and result in an 
aluminum-to-water ratio of about 0.3. 
This is the ratio of the volume of 
aluminum in the fuel elements includ- 
ing side plates to the volume of water 
enclosed in the active lattice. The 
amount of fuel required decreases with 
the aluminum-to-water ratio, although 
not in direct proportion. 


reactor 


Reflector 

A good reflector placed around the 
active lattice will reduce the fuel 
required and improve the flux. dis- 


tribution in the core. It also reduces 
the available neutron flux external to 
the reactor. 

One method of installing the reflector 
is to provide a number of aluminum 
cans of the same outline as a fuel 
element but filled with cold-pressed 
beryllium oxide bricks. These can be 
placed on end in the grid around the 
active lattice. With 3 in. of beryllium 
oxide on the four sides of the reactor, 
the critical mass is reduced by about 
84 kg. Figure 4 is a photograph of the 
reactor completely loaded, including 
BeO reflector units. 


Advantages of Pool 

Submerging the reactor in a pool of 
water provides a number of advan- 
tages. Besides cooling and moderat- 
ing the reactor, the water supplies a 
foolproof shield for the operating 
personnel. Furthermore, should this 
shield (the water) accidently become 
contaminated, it can be drained and 
refilled. With 161% ft of water above 
the active lattice, 
attenuated sufficiently so that a person 
standing next to the pool will receive 
considerably less than 50 mr in 8 hours. 

The neutron flux is attenuated much 
more rapidly than the gamma flux in 
the water. A depth of 319 ft of water 
between the reactor and the pool floor 
and walls will keep the concrete from 
Thus, 
if the fuel elements and control rods 


gamma rays are 


becoming seriously activated. 


are removed and the pool drained, 
personnel can work on the reactor 
structure after a waiting period of a 
few hours. This is a feature unique 
to this particular facility. 

half-life of 2.4 
minutes, and, since the reactor struc- 
ture is made of commercially pure 
the radioactivity decays 


Aluminum has a 


aluminum, 
to a safe level in a relatively short 
time. 

Unless care is taken, the life of the 
fuel elements may be determined by 
At ORNL it has been found 
that addition of 50 parts per million 
by weight of sodium chromate to the 
ordinary process water used in the pool 
inhibits corrosion. Other water sup- 
plies may require different treatment. 
If a very low background is necessary, 
demineralized water must be used, 
unless the work can be completed in a 
few hours after a fresh refilling of the 
pool. 

Infinite beam hole. The design of 
most reactors used for experimental 
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corrosion. 








makes it 
holes. These 


awkward devices. 


purposes necessary to use 
holes are 
The space avail- 
able in the hole is limited. The holes 
must be carefully plugged, and even 
when the reactor is shut down, a shut- 


beam beam 


ter must be provided to shield against 
fission-product radioactivity. Of 
course, there is no direct access to the 
active lattice through the beam hole 
because of this activity. 

the reactor in a pool 
number of these diffi- 
The pool in effect provides 


Immersing 
overcomes a 
culties 
an infinite beam hole. Large pieces 
of equipment can be lowered into the 
water and positioned against the face 
of the We 


trouble since this facility was com- 


reactor. have had no 
pleted in using instruments and equip- 
ment under water, and actually find 
it much simpler than using a conven- 
tional beam hole. Also the procedure 
is much safer. 

However, the design of the swimming 
pool facility makes optional provision 
for beam holes for cases where it is 
desirable to collimate a neutron beam 
such as is required for experiments in 
diffraction. A beam 


hole, leading to the active lattice, or an 


neutron 6-in. 
equivale ntly sized piece of submerged 
equipment, requires about 3% increase 


in critical mass of the reactor. 


Controls and Safety System 


Control is obtained by moving 
boron-containing rods in or out of the 
reactor An iron armature is fastened 
to the top of each absorbing rod, and 
the armature and rod are lifted by an 
electromagnet which also travels in the 
tubes visible on top of the reactor in 
Fig. 3. The reactor can be shut down 
very quickly by reducing the current 
through the electromagnets so that the 
gravity. 

A standard 


and 


designed by ORNL personnel and can 


rods fall by 
“package” electronic 


safety control system has been 
be supplied by a commercial concern 
at a price not far from the cost quoted 
in the tabulation on page 60. These 
circuits have been in use here for the 
proved 


The 


system will be described in detail in 


and have 


trouble-free. 


past two 


to be 


years 


singularly 


Nuc.eonics shortly; a brief descrip- 
tion follows, and the control panel is 
shown in Fig. 5. 

Start-up is monitored with the aid 
of a fission chamber, scaler and counter, 
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and counting-rate meter. This circuit 
covers the range 107‘ to 1 watt, and 
keeps track of the neutron flux level 
from that due to the source alone with 
rods down, to a level well above 
critical. 

Above 1 watt, flux is observed with 
two differential 


These instruments contain two cham- 


ionization chambers. 


bers, one of which is boron coated. 
Both respond to gammas, but only the 
boron-coated The 


outputs are connected in opposition 


one to neutrons. 


and thus, when the compensation is 


measured by a Leeds and Northrup 
electronic micro-microammeter and, 
with the aid of shunts, gives a linear 
indication of the flux level. The out- 
put of the micro-microammeter also 
controls the servomotor which adjusts 
the reactor flux by raising or lowering a 
small absorbing rod. 

The philosophy of the safety system 
is that a warning should be given if 
major circuit trouble develops. In 
addition, the safety rods must fall if 
In line with 
used 


the power is shut off. 


these ideas, vacuum tubes are 


FIG. 5. Control panel of the swimming pool reactor in the Bulk Shielding Facility 


at Oak Ridge National Laboratory. 


properly adjusted, the net output is a 
function only of the neutron flux. 
This means that the chamber will read 
neutron level even in the presence of a 
large gamma flux from fission products. 
It thus allows the reactor to be con- 
trolled over a range in powers of nearly 
10®. An ORNL report describing this 
chamber is forthcoming in the near 
future. 

The output from one of the two 
differential 
trols a logarithmic circuit and recorder 


ionization chambers con- 
so adjusted that power levels are read 
and recorded from 1 watt to 100 kw. 
The current from the other chamber is 


throughout in preference to gas tubes 
or relays. The amplifiers are moni- 
tored continuously at several points, 
and lights warn the operator if abnor- 
Each safety 
circuit is controlled by a 3-in., boron- 
coated parallel-plate chamber which 


mal conditions occur. 


supplies a current proportional tc the 
neutron plus gamma level. 
rent flows through a high resistance 


This cur- 


that is across the input of a preampli- 
The output of the preamplifier 
supplies a high-level d-c amplifier, and 
this in turn controls the output of a 
current amplifier. 

This last circuit supplies the exciting 
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fier. 














COST OF REACTOR AND CONTROLS 





Exact costs as of the summer of 1950 were determined from ORNL 


records. 
follows. 


The costs pertinent to the reactor can be broken down as 


Fue! elements: 20 at $120 each, exclusive of cost of enriched 


uranium 


Reactor assembly: Labor, overhead and materials 
magnets, grid, superstructure, etc.) 


$2,400 
(motors, 


28,000 


Electronic circuits: Labor, overhead and materials (chambers, 


circuits, recording instruments, etc.) * 


Servo automatic control 


28,000 
2,600 


Total: Reactor and Controls $61,000 


In addition, the following equipment is very desirable: 


BeO reflector (30 elements) 


Spares (chambers and electronic equipment) 


Health physics instruments 


* This complete equipment is now available commercially at approximately this cost. 


17,000 
9,000 
7,500 

$33,500 
$94,500 


Total 
Grand Total 


However, 


the cost will be greater if switchboard mounting, console operation, etc., are desired 





to the electromagnets which 


An increase 


current 
support the safety rods. 
in chamber current results in a decrease 
in magnet current, and the amplifiers 
ean be adjusted to drop the magnets 
at any predetermined flux level within 
the the Two 
complete electronic circuits, two cham- 
bers, and two rods are supplied. Each 
5 to 6% in reactivity, 


range of chambers. 


rod is worth 


depending on the loading. 


Safety 


This is really a very safe reactor. It 


has a slight negative temperature coef- 
ficient of approximately 0.0075%/° F. 
This is small, and while it will serve 
to stabilize the reactor partially, it will 
take care of less than '4 % in reactivity. 
Safety the fact, which 
has been demonstrated experimentally, 


comes trom 
that if the power level rises to more 
than a few hundred kw, the reactor 
boil 
sufficient 
Thus it is not 
operate the reactor at too high a power 


will displace 
inhibit run- 
possible to 


and steam 


moderator to 


will 
away. 
level. 


Costs 


A summary of the of this 
reactor, taken from ORNL records, is 
tabulated The the 
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costs 


above. cost of 


building and pool will depend on the 
design, materials, difficulty of excavat- 
ing, etc. One interesting design in- 
volves the location of the facility on 
the side of a hill. In this way, horizon- 
tal beam holes from the reactor can 
be installed on one side, while the 
hill forms the shielding on the other 
three sides of the pool. 

Our estimate, based on the cost of 
a similar structure here, for a pool 14 
ft by 18 ft by 22 ft deep, a bay 28 ft 
by 30 ft high containing the pool and 
2,500 ft* of 
This 


cost. of 


laboratory 
the 


reactor, 


and 
$125,000. makes 
minimum the 
pool, and building a little over $200,- 
000. be added 
the expenses of additional facilities for 


reactor, 
space is 


bare 
To these costs must 


whatever experimental program is 


desired. 


Higher Power Operation 

This 
operate at 
but 
Among other things, additional shield- 


reactor can be modified to 
somewhat higher 


will be 


power 
levels, costs greater 

ing and forced-circulation cooling must 
be supplied. 

The bottom of the reactor can be 
boxed-in and water drawn through the 
fuel elements by an external pump. 
Flow through the fuel elements with 
a Reynolds number sufficient to insure 


turbulent flow (about 5,000) will 
provide cooling for 750 kw, with a 
15° F There is 
no point in having a much smaller flow 
than this since laminar conditions will 
prevail, with a resulting sharp decrease 


rise in the coolant. 


in the heat removal and possible local 
boiling. 

At these 
circulations, the pump and the line 


high powers and forced 
must be shielded because of activity 
in the water. Radioactive nitrogen, 
with a half-life of 7 seconds, is formed 
by the reaction O'(n,p)N'*. In addi- 
tion, there is the activity of minerals 
the If the pool 
walls are given a nonsoluble coating 
and the pool filled with demineralized 
water, then a flow of cooling water 
through the reactor of 400 gal/min 
(possibly with a purge of perhaps 30 
gal/min) should afford satisfactory 
operation at 750 kw. This problem 


dissolved in water. 


does not arise in the case of convection 
cooling at lower power because activa- 
tion is less and the water does not 
diffuse to the surface rapidly enough. 

We do 


design be operated at power levels of 


not recommend that this 


more than a megawatt. 


NoTE ADDED IN PROOF: The writer has 
just learned that the General Electric Co. 
has been operating a thermal, heterogene- 
ous, oil or water cooled, graphite-moder- 
ated research reactor for the past year 
at power levels up to 100 watts. They 
consider this model suitable for use in 
industry, research organizations, and uni- 
versities for nuclear investigations using 
thermal neutrons. 


* . . 


A large number of people from the ORNL 
staff contributed to the design and construction 
of the present facility upon which this design 
is based. The original design was investi- 
gated by E. P. Wigner, A. M. Weinberg, 
WU. C. Leverett, H. Soodak, EF. Greuling, and 
others. Critical experiments to confirm the 
design were carried out by M. M. Mann 
The control and safety circuits were proposed 
by H. W. Newson and P. R. Bell, and 
designed and built by W. H. Jordan, T. E. 
Cole, J. E. Owens, E. P. Epler, and others. 
The design upon which this report is largely 
based was developed by W. R. Gall, who was 
aided by operational investigations made by 
S. E. Beall. ORNL is operated for AEC by 
Union Carbide and Carbon Corp. 
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Radiation Characteristics of 
High-Energy 
Electron Accelerator Targets 


Spectral and angular distributions of the radiation for incident electrons above 


5 Mev are given for a useful range of target thicknesses. 


Radiation 


characteristics for targets outside this range are described qualitatively 


By J. D. LAWSON 


Atomic Energy Research Establishment 


Harwell, England 


THE CHARACTERISTICS of the target 
radiation from high-energy electron 
accelerators can be divided conven- 
iently into four categories according 
to the thickness of the target expressed 
in radiation lengths. 

In the first of these categories (corre- 
sponding to extremely thin targets) 
the intrinsic angle-energy distribution 
of the radiation alone is important. 
For slightly thicker targets, this 
distribution is modified in a compli- 
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FIG. 1. 
and Z = 78 


cated way by the elastic scattering of 
the electrons. 

For even thicker targets, the scatter- 
ing is the predominant factor in deter- 
mining the angular distribution of the 
radiation, and the radiation charac- 
teristics can be expressed in convenient 
analytical form (this thickness range 
is probably of most practical impor- 
tance). Finally, for very thick targets, 
ionization loss, electron straggling, and 
self absorption in the target become 


Forward and integrated intensity spectra for U = 24.5 


important and calculations again be- 
come difficult. 

In this paper, an attempt is made to 
present as simply as possible the essen- 
tial features of the target radiation. 
Formulas for the fundamental proc- 
esses are quoted, and the combined 
effect of these processes in determining 
the radiation characteristics is calcu- 
lated where this may be readily done, 
or discussed qualitatively where no 
general formulation is possible. Ap- 
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Symbols Used 
lL’ = total electron energy 
u = 0.51 Mev = electron rest energy 
vU = energy of radiated 
quantum; vlies be- 
tweenO and! — u/U 
= angle with forward 
direction 
atomic number 
atomic weight 
6.02  10** = Avoga- 
dro’s number 
classical electron ra- 
dius = 2.82 x 10-"* 
cm 
cross section for 
emission of quantum 
with energy between 
vU and (v+dr)U, 
at angle between @ 
and 6 + dé 
= target thickness in 
radiation lengths 
= fraction of electron 
energy radiated per 
unit solid angle in 
direction @ 
= fraction of energy 
radiated in thickness 
dt radiation lengths 
y = 1.78 = Euler's constant 


al(vl’ 8) dedé 





TABLE 1—Radiation Lengths of Com- 
mon Elements 


Radiation length 


Element gm/em? 


138 


Carbon 52 


Hy drogen 


Nitrogen 45 

39.7 
26.3 
14.4 
13.3 


Lead 5.9 


Oxygen 
Aluminum 
Iron 
Copper 





proximate methods have been used in 
those instances where the reduction in 
the 
accuracy, although references are made 
to more treatments where 


complexity justifies sacrifice of 
accurate 
these exist. 

Only brief references are made to 
experimental studies, since these have 
tended to verify the theory, and there 
where the theoretical 
results this paper could 
profitably be modified in the light of 
experimental results obtained up to 


is no instance 


given in 


the present. 
A table is given at the end of the 


62 


of the 
various 


paper in which a 
formulas to be 
thickness ranges is given. 


summary 


used in the 


“Infinitely Thin” Target 

The spectral 
radiation emitted by 
electron deflected by the electric field 
of the atomic nucleus was first caleu- 
lated by Bethe and Heitler (1). This 
calculation was based on the Thomas- 


the 
a high-energy 


distribution of 


Fermi model of the atom, and used 
the Born approximation. Formulas in 


suitable form for computation based 


on this theory were later given by 
Rossi and Greisen (2). 

More recently, an expression giving 
the dependence of this spectrum on the 
angle of emission of the quanta has 
been given by Schiff (3). This formula 
is based on a simplified atomic model, 
and has been adjusted empirically to 
agree with the calculation based on the 
Thomas-Fermi model for the cases of 
complete screening and of no sereening. 
Schiff also gives an expression for the 
spectral distribution of the radiation 
integrated over all angles; this is 
directly comparable with the formulas 
given by Rossi and Greisen, but is 
rather simpler because of the simplified 
atomic model which is used. 

Throughout this paper the kinetic 
energy of the electrons incident on the 
target will be assumed large compared 
with their rest energy, and since under 
this condition the radiation 
predominantly forward it is possible to 
use the small angle approximation, 
sin 6 ~ @. Integration over all angles 
will be taken for analytical convenience 
between @=0 and @= ~. The 
notation follows as closely as possible 
that of Rossi and Greisen. 

With this notation the 
given by Schiff may be written 


travels 


formulas 


a(vU,0)Udvdé = xe dv 6d0 Xx 
of v 


4 


{(v? — 2v + 2) In M(@) 


(ue? — U'292)2 
ple? 


-— (2 — 2 it 
(2 vit Cay (7292) 


{1 — v)(16 — 4 In mo (1) 


where 


1 ry pv | 
M(6) | 2U(\ —») 
111 (u? + U2) 


It will be seen that the spectrum is 


dependent on angle, 
Integration 


not strongly 
especially when v is large. 
over all angles gives 


vae | a(vl’ .6)dé 
0 


_ 22 %re? do | ( { 


4 
—_ 0 2 
is?» NB sete) x 


9 
(: + In M(O) — ; tan 0) 
) 


9 
+(1- Fag (1 + 6?) 
52 


4 ee: 
+ (2 — b?) tan-' b — — + = 


3b' 3b? 9 
(2) 


where b = 2U(1 — v)Z’*/1110p. 

Equation 2 may be compared with 
the curves given by Heitler and by 
Rossi and Greisen, but it will be found 
not to differ significantly from them. 
An estimate of the difference under 
various conditions is given by Schiff, 
who states that it should never exceed 
4% in the worst case of Z large and 
screening incomplete. 

In Fig. 1 a comparison is made, for 
U = 24.5 Mev, of the integrated and 
forward spectra (the forward spectrum 
is obtained by setting @ = 0 in Eq. 1). 
Only the quantities inside the curly 
brackets plotted, so that the 
ordinates are proportional to radiation 
intensity rather than the number of 
quanta. A calculation of the forward 
spectrum using the formula of Rossi 
and Greisen was also made and com- 
with that given by Schiff’s 
formula, The greatest discrepancy 
was 4%, and it occurred where v = 0.7. 

The shape of the spectral distribu- 
tion has been satisfactorily verified at 
300 Mev (4, 5). At lower energies 
(6-8) the statistical accuracy of the 
experiments is not so good, although 
there is definite evidence that at 20 
Mev there are relatively more quanta 
than are predicted by the theory for 


are 


pared 


values of v equal to about 0.6. 

If Eq. 2 is multiplied by v and 
integrated with respect to v, the total 
cross section for energy loss by radia- 
tion is obtained. The result of this 
integration cannot in general be ex- 
pressed in simple analytical form, but 
the appropriate numerical integration 
over a range of energies for several 
performed by 
Heitler. For the limiting case of very 
high energies, the integral can be 
evaluated quite simply as 
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materials has been 








ri-»/U fe 
( | | o(eU’8)d6ude) 


1Z*r a 
= ia7t? * (In saz ae x) (3) 


On the basis of this result, the very 
useful unit of thickness known as the 
“radiation length” is defined. One 
radiation length, X, of a material of 


atomic weight A is 


$Z*ro2N In 183Z~*) 
gm/cm? 


X = 137A 


Values of X for some common sub- 
stances are given in Table 1. This 
unit will be used exclusively in measur- 
ing the thickness of targets. The rate 
radiation, per 
approximately 
equal to the energy of the electron 
dU/dt = T If it were not for the 
small term 14g this would be accurately 


of loss of 


energy by 


radiation length, is 


true at high energies. 


Curves showing the loss of energy 
by radiation, per radiation length, are 
shown in Fig. 2. These are obtained 
from the curves of total cross section 
for radiation given by Heitler by 
multiplying them by a suitable func- 
tion of Z. Curves showing the rate 
of energy loss by ionization are also 
plotted for comparison. 


Moderately Thick Targets 

If the target has a small but finite 
thickness, both the spectral distribu- 
tion of the radiation in the forward 
direction and its angular distribution 
are modified by the elastic scattering 
of the electrons in the target. Rossi 
and Greisen (2) have shown that the 
root-mean-squared angle of scattering 
of the electrons after passing through a 
thickness ¢t of the target is approxi- 
(440t)*/U, and that for t 
not too small and @ not too large, the 
normalized distribution of electrons 
per unit solid angle is given by 

U2 - 

— e-U*0*/4408 (4) 


440nt 


mately 


F(t,é) = 


Elastic scattering will be important 
unless the root-mean-squared angle of 
scattering is much less than the charac- 
teristic angle of the intrinsic angular 
distribution of Eq. 1. The charac- 
angle of the distribution may 
’, and is of the same 
order as the mean angle. The root- 
mean-squared angle cannot conven- 
iently be defined since it diverges in the 
approximation used in Eq. 1. 

The condition that elastic scattering 
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teristic 
be defined as p/l 


is unimportant then becomes u/U > 
(440t)*/U, or u? > 440t; numerically 
this becomes t <5 X 10~* radiation 
lengths. If, however, u? is of the same 
order as 440t, the problem of finding 
the angle-energy distribution and for- 
ward intensity is very difficult and will 
not be attempted here. The scattering 
has the effect of widening the angular 
distribution and smearing out the 
angular variation of the spectrum, so 


R(0) = S 6 gt atone 


o(vU’,0)F(t,0)dedodt / { f 
a(vU,@)dvd@ (5) 


i<VT .. 


where 7 is given in Fig. 2, o(vl/,0) by 
Eq. 1, and F(t,@) by Eq. 4. Substitut- 
ing for F(t,@), and integrating from 
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FIG. 2. 


that the forward spectrum is inter- 
mediate in shape between o(vU’,0) and 
f * a(vl’,6)d0. 

For somewhat thicker targets, where 
the root-mean-squared angle of the 
scattering is large compared with 
u/U, so that 440t > p?, it is fortunately 
possible to find expressions for the 
forward intensity and angular dis- 
tribution, and under these conditions 
the forward spectrum will be given 
very closely by the integrated spectrum 
of Eq. 2. 

The calculations in this paper will be 
based on the simplified scattering 
theory of Rossi and Greisen rather 
than the more accurate theories such 
as those of Moliére (9) and Snyder and 
Scott (10). This is necessary to keep 
the analysis simple. The forward in- 
tensity will be calculated first. 

The fraction of the electron energy 
that appears as radiation per unit solid 
angle in the forward direction is 


Fractional loss of energy by radiation ond ionization per radiation length 


1-»/U 
R(O0) = -=f [ a(vU 0) X 
F 1—p/ rs 
B( = *) wae / [ 


a(vU,0)dvd@ (6) 


Now, since U*/440t < U?/y*, and 
o(vU,0) is small when @> yu/U, the 
quantity U*6?/440t will be small for 
values of @ for which o(vU,@) is not 
small, so that —Ei(—U*6?/440t) may 
be replaced by the small-angle ap- 
proximation —In(yU*6*/440t). A lit- 
tle rearrangement leads to 


2 
RO) = It (in “ 


1—,/U 
-[° { o(vU,@) In (U*6?/p*) X 
1—p/U 
dvd@ if [ [ «(eV @)ded8) (7) 
0 0 


Now it is a remarkable and con- 
venient fact that if the slight depend- 
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ence of the M(6) of Eq. 1 on @ is 
neglected, and Eq. 1 substituted into 
Eq. 7, the second term in the bracket 
vanishes. This may be seen at once 
when it is realized that 


« 
f z*-1(] + z”)-* nzdz =0 
where n is a positive integer, and z 


Substitution for 
and yu in Eq. 7 results in 


represents 6@/y. 


U% 
R(0) = In 950¢ (8) 
44097 


The complete independence of the 
forward intensity on the difference in 
angular distribution of the various 
spectral components is fortuitous, and 
appears because of the assumption that 
440t > u*. As indicated above, how- 
ever, the forward spectrum is very 
nearly given by the integrated spec- 
trum of Eq. 2. 

The angle between the direction of 
an electron and the direction of a 
quantum which it radiates is of the 
order u/U. At angles to the forward 
direction large compared with this, 
the difference of directions of the 
electron and quantum may be neg- 
lected, so that the angular distribution 
of the radiation is simply that of the 
total distribution of electrons through- 
out the target—i.e., F(t,@) integrated 
from 0 to t—so that 
R(@ > w/V) 

rl 

4407 


2 


= Ei( — U262/440t) (9) 
This is not true for small 6, but an 
empirical adjustment which removes 
the divergence and gives the correct 
value of R(O) has been suggested by 
Muirhead, Spicer and Lichtblau (11). 
This is 


R(@) = ‘ 


410s [— Ei(—U*62/440t) 


+ Ei(—U26?/yu?)} (10) 


The above analysis is essentially a 
slight extension of that indicated by 
Schiff (12), that Rossi and 
Greisen’s scattering theory is used 
rather than that of Williams (13). 
Nevertheless, these theories not 
very different, and curves plotted from 
the above formula are indistinguishable 
in shape from those given by Schiff. 
Curves of R(@) for t = 0.005, 0.02 and 
0.1 are shown in Fig. 3 

The logarithmic form of R(0) (Eq. 8) 
indicates that the radiation 
comes from the front part of the target. 
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are 
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Summary of Calculation Methods 


Target Angular 
thickness 


(gm/cm?*) 


Important 
characteristics 


Forward Forward  distri- 


spectrum intensity bution Applications 


«5 X 10-* Eq. 1 with Eq. 12 Eq. 1 wu? > 440, scattering 


6=0 
< 0.005 Eq. 5 


0.005-0.1* Eq. 2 Eq. 8 


For exam- 
ple, see 
Lanzl and 
Hanson 
(17) 


> ©.s" 


Eq. 10 uw? < 4401, Gaussian 


Scattering, 
gling, ionization 
loss, and self 
absorption 


not important 


ut ~ 4401, scattering 
important 


Betatrons and 


multiple scattering synchrotrons 


Linear accelerator 
when ionizing 
radiation rather 
than pure spec- 
trum is required 


strag- 


* May be less at low energies with low-Z targets where ionization loss is important. 





The expression for R(Q) is inaccurate 
when ¢ is less than about 0.005. But 
for very thin targets in which the 
scattering is negligible 


R(0) Gw>uc0) = 


1—p/U > te 
a(vl’,@) 
tt - — dv 
[ el 


2 /i —p/U 
[ | a(vl’ ,@)dvdé 
o Jo 


If the second term in the curly bracket 
in the expression for o(vU,@), and the 
dependence of M on @ are neglected, 
Eq. 11 simplifies to 
R(0) iu2>>s400 = TtU?/wp? = (12) 
which should be a fairly good approxi- 
mation. The R(0) 
with ¢ large and ¢ small are shown in 
Fig. 4. Neither expression is valid 
when 440¢ is of the same order as p?. 
An alternative method of analysis 
in which the dependence of o(vl’,@) 
on @ is assumed to be Gaussian has 
been used by Lawson (1/4) and by 
Kulenkampff, Scheer and Schittenhelm 
(15). This the advantage of 
giving a single formula valid for all 
values of ¢ and @, but the accuracy is 
less than that of the treatment given 
here, and the effect of the simplifying 
assumption is not so easy to see. The 
methods are compared by Lawson (/6). 
Lanzl and Hanson (17) ex- 
tended this method in a more accurate 
treatment in which the scattering 
theory of Moliére is used. They find 
that the beam width of the radiation 
as given by Eq. 10 is rather too wide 


expressions for 


has 


have 


estimated. 
observe experimentally in good agree- 


for heavy elements, and that the 
radiation at large angles is under- 
Both of these effects they 


ment with theory. While their work 
is of considerable interest in verifying 
the fundamental radiation and scatter- 
ing theories, their formula for the 
angular distribution is more compli- 
cated than Eq. 10. Other workers, on 
the other hand (11), find better agree- 
ment when the scattering theory of 
Williams (13) is used. 

Equations 8 and 10 should be reason- 
ably accurate at energies above 5 Mev 
for values of t between 0.005 and 0.1. 
At the upper end of this range however, 
ionization loss will reduce the forward 
intensity slightly at low energies for 
low-Z targets and will distort the 
spectral distribution. There will also 
be a slight reduction of intensity due 
to the absorption of radiation in the 
target. Whether these effects are 
important depends on the use to which 
the machine is being put. They can, 
however, be readily calculated so long 
as they are small. 

The above range of target thickness 
corresponds roughly to the range that 
can successfully be used in betatrons 
and synchrotrons. If very thin targets 
are placed in these machines, multiple 
transits occur, and those electrons 
which pass through the target once 
have a high probability of striking it a 
second time at an angle to their original 
direction, so that the radiation beam 
If very thick targets 
are used, on the other hand, the 
electrons strike the edge of the target 
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is broadened. 
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first, and are scattered out of the side 
passing right through; this 
narrower and unsym- 
metrical Both these effects 
have been demonstrated experimen- 
tally 
pends on accelerator characteristics. 


before 
results in a 
beam. 


14), but their importance de- 


Very Thick Targets 


Much 
designing 
Very 


is possible 
for linear 
accelerators. thin and very 
thick targets may both be successfully 
Targets of thickness sufficient 
for the incoming electrons to be tom- 
pletely stopped are important in some 
applications, but the calculation of the 
radiation characteristic of such targets 
would be a laborious process requiring 
numerical methods, and the results 
would only be valid for a particular 
energy and target material. 

At low energies, loss of energy by 
ionization may become important. 
Curves showing the rate of energy loss 
of fast electrons as a function of 
energy, computed from Bloch’s for- 
mula as given by Rossi and Greisen 
(2), are shown in Fig. 2. The effect 
of ionization loss is to reduce the energy 
of the electrons equally through the 
target so that the electron energy is a 
function of depth. If this were the 
only “thick target” effect of impor- 
tance (as it might be at low energies 
for targets with Z small and t about 
0.1 radiation lengths) spectra from the 
various layers of the target could be 
added, the weight attached to the 
different layers being given by the 
slope of the curve in Fig. 4. The 
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more flexibility 


when targets 


used 


Angular distribution of radiation for various target thicknesses 
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FIG. 4. Forward intensity as function of target 


thickness 


effect would be greatest on the extreme 
high-energy tip of the spectrum. 

Straggling is a much more difficult 
phenomenon to estimate accurately. 
The electrons are monochromatic when 
they strike the front face of the target, 
but as they proceed through it the 
energy distribution is degraded because 
the electrons lose energy by radiation. 
A simplified theory giving the general 
features of the effect has been given 
by Bethe and Heitler (1), but, in gen- 
eral, calculations are difficult. 

The effect of straggling on the for- 
ward spectrum should be negligible 
in targets up to about 0.15 radiation 
lengths thick, but there would prob- 
ably be a significant difference in the 
spectrum at large angles to the axis. 
In contrast to ionization, which affects 
only the tip of the spectrum, straggling 
gives a general reduction at the high- 
energy end and an increase at the 
lower-energy end of the spectrum. 

Of more importance in the forward 
direction is the absorption and scatter- 
ing of the radiation in the target itself. 
This is difficult to calculate accurately, 
but a reasonable estimate may be 
made if it is assumed that all the for- 
ward radiation is produced at the front 
edge of the target, and that the target 
merely acts as an absorber. The 
formula for the forward intensity is 
logarithmic in form, and is very in- 
sensitive to target thickness so long 
as 4401 > u*. Ina very thick target, 
an underestimate of the forward in- 
tensity (neglecting for the moment self 
absorption) will be given by putting 
t = 0.1, and an overestimate by put- 


ting t = 1; these two estimates are in 
the ratio 2:3, so that R(O) can easily 
be obtained within about 20%. Such 
an estimate has been verified at 7.3 
Mev (18). The intensity and spectral 
distribution at large angles to the axis 
are difficult to predict however. 

An example of a calculation of for- 
ward intensity for a particular case of 
a thick target which agrees well with 
experiment is given by Lanzl and 
Hanson (17). The forward intensity 
increases with thickness until the rate 
of absorption of the radiation becomes 
as great as its rate of production, after 
which the intensity decreases in an 
approximately exponential fashion. 


* * . 


This paper is published by kind permission 
of the Director, Atomic Energy Research 
Establishment, Harwell. 
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The inhomogeneity off 
iodine distribution in tissues 
is demonstrated along with 
details on a tissue-digestion 
technique that is the basis 
for accurate determinations 
of activity range with 

the Marinelli method for 
counting liquid samples 


MARINELLI COUNTER is contained in lead shield at left. Sample holder, such as one in 
foreground, is inserted from above. Diagram indicates relation of holder to vertically 
mounted bismuth-wall G-M counter inside shield 





Preparation of Tissues 


for lodine-131 Counting 





By JESSE D. PERKINSON, JR.,* and H. D. BRUNERt 


Vedical Division, Oak Ridge Institute of Nuclear Studies, Oak Ridge, Tennessee 





AN EXAMINATION of past and current 
literature reveals the fact that there 


1'5! Activity Measurements for Tissues of Six Dogst 
are wide variations in counting methods —~ 75 Wie ‘ at 


: : : hai > , ied s s 
as well as in methods used in preparing Activity Range for Four Portions of Same Sample 


tissues for determination of iodine-131 — —-— . ' ; 
activity. While individual situations Muscle Heart Liver Thyroid 
determine the use of a particular tech- (cpm /gm) epm/gm) {epm/gm) (cpm/gm) X 10° 


nique, the choice of any method must ‘ 
be based on the degree of quantitation 5-80 3 10-68 Artd-2 
required as well as the speed desired. ‘ 9-84 x 18-39 9.2-15.9 
The speed, in turn, is a function of ‘ 5-14 -I 7-16 6.1- 9.9 
——— 7-5: 8-99 21- 5.1- 6.9 
* Present Appress: Division of Chem- —e shoe sergio 
istry, School of Biological Sciences, Univer- f 15-96 42 18-34 10.0-12.1 
sity of Tennessee, Memphis, Tenn. . 9 91_%° 29- RS 
+ Present Appress: Chairman, Dept of af 10-28 S _—— ee 
Physiology, Emory University School of ¢t Animals sacrificed 48 hours after injection of 20 ue I'*! per kg. 
Medicine, Atlanta, Ga 
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equipment, space, personnel available, 
and the number of samples. 

For measuring I" activity in tissues, 
an accurate counting method must be 
chosen that is compatible with the par- 
ticular method of sample preparation. 

Liquid sample counting has the fol- 
lowing advantages: (1) Only a one-step 
preparation (digestion) of the tissue 
sample is involved; (2) the possible 
error in taking a representative micro 
sample from a large initial volume is 
overcome; (3) no volatilization of the 
iodine occurs (as might during ashing 
or drying of an aliquot on a planchet); 
(4) constant geometry is more simply 
achieved with a liquid than a solid; 
and (5) since gamma rays are counted, 
there is no self-absorption problem. 

If a liquid counting system is used, a 
suitable method for tissue digestion 
must be selected. In making this 
the chemical properties of 
iodine should be Any 
tissue digestion procedure should be 
based on the fact that iodine may be 
quite volatile. Since iodine oxidation 
occurs in an acid solution, the iodine- 
containing tissue digest should be kept 
alkaline, and high temperatures should 


choice, 


considered. 


be avoided. 

The counting apparatus used in these 
studies was essentially that described 
by Marinelli and Hill (J). In this 
counting chamber, the brass jacket 
surrounding the tube was omitted and 
a bismuth-wall tube was used instead 
of the conventional silver-wall G-M 
See the photograph and diagram 
As has been 
shown by Bradt et al. (2), such a bis- 
muth tube has an I'*! gamma sensi- 
tivity about five times greater than 
that of a copper cathode tube. With 
40 ml of I'* solution in double-wall 
beakers (4-mm-thick liquid column), 
sensitivity was about 4,000 epm/yc. 


one. 
of this apparatus above. 


Tissue Digestion Studies 
Approximately 20 ye of I'*' per kg 
were injected into a saphenous vein of 
mongrel dogs weighing from 5 to 7 kg. 
The dogs were sacrificed, by intra- 
venous ether injection, 48 hours after 


iodine administration. Immediately 
after death, both lobes of the thyroid 
and samples of the liver, heart, and 
sternohyoid and sternothyroid muscles 
were removed. 

Each tissue sample was finely minced 
and thoroughly mixed. Weighed por- 
tions of these samples were placed in 
50-ml graduated centrifuge tubes. One 
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of the following reagents was added to 
each tube so that portions of the same 
sample of each tissue or organ were 
subjected to five different digestion 
procedures: (1) 2N NaOH, (2) approx- 
imately 100 mg of papain, (3) approx- 
imately 100 mg of ficin, (4) 2V NaOH 
with 0.1 ml of 0.5M Nal and 0.1 ml of 
0.5M NaHSO,, and (5) 2N NaOH after 
the tissues were homogenized in a glass 
system. The final volume in each case 
was 20 ml. 

The tissue samples thus treated were 
incubated over night at 70° C to obtain 
maximum papain and ficin activity. 
Cotton plugs used to stopper the tubes 
had no measurable activity at the end 
of the incubation; thus it was evident 
that none, or a negligible amount, of the 
iodine was volatilized from the samples. 
The digests were transferred to the 
Marinelli counting tubes and _ their 
activities determined. 


ENLARGED AUTORADIOGRAPH of section 
of dog thyroid containing |'*! shows vari- 
ation of concentration of the radioactive 
material in different parts of the tissue 


In preliminary studies based on 100 
determinations made of the I" ac- 
tivity in tissues from five dogs, it was 
seen that the highest activity per gram 
of tissue was found when the minced 
samples were treated with NaOH, 
Nal, and NaHSO,, as in procedure 4. 
This treatment was considered to be 
the best of those studied. 


Reproducibility of Method 

To determine the degree of repro- 
ducibility of the method, four portions 
of the same minced tissue samples were 
digested with NaOH in the presence of 
NaI and NaHSO;. The results ob- 
tained from the study of tissues from 
sjx additional dogs are shown in the 
table above. At this level of activity, 
it is doubtful that any differences in the 


values found in skeletal muscle, heart, 
or liver are significant, but the thyroid 
values varied to a highly significant 
degree. The differences here are strik- 
ing when the lowest and highest con- 
centrations found in mixed, minced 
samples of whole thyroid from the same 
dog are compared. 

An examination of the autoradio- 
graph above may help in understanding 
the lack of consistency found. It is 
true that the density of the autoradio- 
graphs cannot be quantitated, but it is 
also obvious that some parts of the 
thyroid contained more I" activity 
than did other parts. When such a 
tissue is minced and pieces of it are 
taken for analysis, it is possible that 
‘one sample may contain pieces of more 
intense activity than another sample. 
Thus values obtained from such a 
sampling procedure would be different. 
This inhomogeneity of iodine distribu- 
tion has been noted by Evans (3) and 
others. 


Discussion 

The differences found in recovered 
activity in portions of the same thyroid 
gland treated in the same manner be- 
come important in the interpretation 
of data obtained when the activity of 
only a part of the thyroid gland is 
determined. These results indicate 
that when a biopsy or autopsy sample 
is taken and its I'** activity is deter- 
mined, oné should not extrapolate these 
results to indicate the exact concen- 
tration in any other part of the organ. 
In making measurements of I'*! con- 
centration in tissues of smaller animals, 
as in metabolism studies, the inhomo- 
geneity problem is less important since 
usually the activity of an organ is 
determined in toto, but with human 
thyroid tissue such a procedure is 
hardly possible. 

It seems that the only solution lies 
in the awareness that the I'*' activity 
in one part of a tissue need not, and 
probably does not, reflect the concen- 
tration in an adjacent section of the 


same tissue. 
* * * 


The authors wish to thank Mr. John 
Gallimore and Mr. George Boyd for the 
preparation and interpretation of the 
autoradiograph. 


BIBLIOGRAPHY 

1. L. D. Marinelli, R. F. Hill, in Brookhaven Con- 
ference Report BNL-C-5, p. 98 (1948) 

2. H. Bradt, P. C. Gugelot, O. Huber, H. Medi- 
cus, P. Preiswerk, P. Sherrer, Hav. Phys. Acta 
19, 77 (1946) 

8. T. C. Evans, in Brookhaven Conf 

Report BNL-C-5, p. 98 (1948) 














Applications of 
Pile-Kinetic Equations 


Step changes in reactivity, which may occur in operation of a reactor, result 


A 


transients that follow 


in flux transients. 


By H. S. ISBIN and J. W. GORMAN 
University of Minnesota 


Minneapolis, Minnesota 


THE behavior of 
nuclear reactors presents unique prob- 


TIME DEPENDENT 


lems of control and instrumentation. 
Fortunately, the phenomenon of de- 
layed-neutron emission simplifies the 
slower 


response time is developed than when 


engineering features, since a 
there are no delayed neutrons. 

For example, with a typical uranium- 
graphite reactor, a step increase in 
reactivity of 0.3% would produce, 
after 1 sec, a 20-fold increase in the 
power if there are no delayed neutrons. 
If there are delayed neutrons, the 
increase would be by a factor of 1.9. 
the application of 
nuclear reactor theory, the effects of 
the delayed 


However, in 


neutrons lead to con- 
siderable mathematical complications. 
The the resulting 
pile-kinetic relations are tedious even 


for elementary cases. 


applications of 


Several excellent discussions of the 
general nature of pile kinetics and 
associated problems in reactor control 
and instrumentation have been pub- 
lished (1-8). This article serves to 
illustrate the method of obtaining 
analytical solutions of the pile-kinetic 
for which can be 
applied to graphite-uranium piles such 
as the Argonne, Oak Ridge, Brook- 
haven, Hanford, and British reactors 
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equations 


cases 


method of analytical solution for the thermal-flux 


step changes in graphite-uranium reactors is given 


(9). Although such applications have 
already been made, they have not 
been declassified in sufficient detail 
to be applied readily (4, 7). 

The problem considered is that of 
the step change in reactivity which 
produces a transient in the reactor 
power or thermal flux. The solutions 
presented are limited to those cases 
that not an 
thermal-neutron source and for which 


do involve extraneous 
the spatial distributions are preserved. 

The relative thermal flux (at a given 
spatial position) as a function of time, 
measured from the instant of the step 
change in reactivity, can be represented 
as a series of the 
dependent equations. 

A procedure is outlined for obtaining 
the coefficients and exponents of this 
solution. The output 
of a thermal reactor would be directly 
proportional to the thermal flux. 
Figures 1-7, which illustrate the 
coefficients and exponents for positive 
step changes in reactivity, simplify 
the application of the _pile-kinetic 
relations for cases involving typical 


solution time- 


series power 


graphite-uranium piles. 

Frequently an attempt is made to 
simplify the evaluations of the flux 
transients by employing a “two-term”’ 
method in which one term represents 
the effects of prompt neutrons and 
the second term the effect of the de- 
layed neutrons. Actually the two- 
term method may be misleading, and a 


comparison with the analytical solution 
is given in Fig. 8. 

If a large number of evaluations 
must be made, then use of a pile- 
kinetic simulator such as that described 
by Pagels (10) is well justified. Typi- 
cal results of such a simulator are also 
shown in Fig. 8. 


Time-Dependent Equations 

The time dependence of the thermal- 
neutron flux, without an extraneous 
source, may be represented by the first- 
order differential equations (2) 


Accu- Disap- 
mula- pear- 


tion ance Generation 


de; 

— = ici 
dt 
do 
dt 


(1) 


—r@? +uwoe+er Aes (2) 
t=1 


(Prompt) (Delayed) 


The conditions at ¢ = 0 are defined as 
rien de; _ 0: 
ey re Gi" " 


= Cio 


The following definitions of terms have 
been used in Eqs. 1 and 2 


yk 
u = Bs; 
P 
(1 — B)kP 
w= =, 3@ 


lo 


pP 
loz. 
Equations 1 and 2 are “input minus 
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FIG. 1. Coefficient and exponent for 
prompt-neutron fraction of thermal-flux 
transient as function of step change in 
reactivity 


Symbols Used 

= concentration of ith group of 
delayed-neutron emitters 
decay constant of ith group 
half-life of ith group 

= thermal-neutron flux (time de- 
pendence only) 
thermal-neutron flux at t = 0 

= macroscopic absorption cross 
section of reactor materials 
resonance escape probability 
fraction of fission neutrons 
which are in ith group of de- 
layed neutrons 
total fraction of fission nevu- 
trons which are delayed = 


6 

z= Bi 
i=] 
mean lifetime of thermal nevu- 
tron in infinite reactor = 1/v2, 

= mean effective life of thermal 
neutron in finite reactor = I,F 
modified effective lifetime of 
thermal neutron in finite reactor 
= I/kew 

= thermal-neutron velocity 

= fraction of thermal neutrons 
which do not leak from reactor 

= thermal-neutron multiplication 
constant for finite reactor = 
kPF 
thermal-neutron multiplication 
constant for infinite reactor 
fraction of fast neutrons which 
do not leak from reactor 

= reactivity = (ken — 1)/ken 
reactor period, ding/dt = 1/A. 
For prompt neutrons only, A = 
V/(ken — 1) = U/p 

Vol. 10, No. 11 - November, 1952 


“0014 -O0!3 


$2 


FIG. 2. Coefficient and exponent for first 
delayed-neutron fraction of thermal-fiux 
transient as function of step change in 
reactivity 
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FIG. 3. Coefficient and exponent for 
second delayed-neutron fraction of thermal- 
flux transient as function of step change in 
reactivity 

































































FIG. 4. Coefficient and exponent for 
third delayed-neutron fraction of thermal- 
flux transient as function of step change in 
reactivity 
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FIG. 5. Coefficient and exponent for 
fourth delayed-neutron fraction of thermal- 
flux transient as function of step change in 
reactivity 
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FIG. 6. Coefficient and exponent for fifth 
delayed-neutron fraction of thermal-flux 
transient as function of step change in 
reactivity 
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FIG. 7. Coefficient and exponent for sixth 
delayed-neutron fraction of thermal-flux 
transient as function of step change in 
eactivity 
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output equals accumulation” balances. 
Equation 1 represents the balance for 
the time dependence of the concentra- 
tion of the ith group of delayed-neutron 
emitters. Equation 2 represents the 
balance for the time dependence of 
the thermal-neutron flux. No signifi- 
cant changes in the spatial distribu- 
tions would be expected for uniform 
changes in reactivity, or for regions 
far removed from local reactivity 
changes. 

Solutions for Eqs. 1 and 2, with the 
initial conditions stated above, can be 
obtained by use of the Laplace trans- 
formations with the transform variable, 
s, being taken with the 
time measured from the step change in 
reactivity (11). Let the Laplace trans- 
form of the flux be L{@} = y, and that 
of the concentration be Lie;} = 2. 
Application of the transforms to Eqs. 1 


respect to 


and 2, and elimination of z; yields 


f 


c= 
») 


[Los 


_ gs) 
~ hfs) 


=} 
1=1 
6 


6 


leno Si 


i=1 l 


(3) 


the functions 


The series solution of 


defines 


This 


g(s) and A(s). 


equation 
the time-dependent equation is given 


by the general solution of the inverse 
Laplace transform, L~'\y} = @, and is 


(4) 


Values for s; are obtained from the 


roots of the equation 


3 : | 


i=1 


I's oak 


and the coefficients A; are obtained for 


each of the seven roots from the ratio 


g\ 8) 
dh(s) (6) 
ds Je; 


Applications 

A typical mean lifetime of thermal 
neutrons, lo, for graphite-uranium 
reactors is about 10~* sec; for large 
reactors close to critical conditions, the 
modified effective lifetime, l’, also may 
be taken to be about 10~* see (J). 
This value is suitable for approxima- 
tion of the transient behavior of the 
Argonne, Oak Ridge, Brookhaven, 
Hanford, and British reactors, which 
employ natural uranium as fuel and 











t (sec) 











FIG. 8. Thermal-flux transient for step 
change in reactivity of 0.003 by three 
methods of calculation. Solid line: analyti- 
cal solution; dotted line: two-term method: 
and crosses: kinetic simulator 


graphite as moderator. [Othe 
gested values are 1.25 X 10 
1.5 X 10-* sec (6, 12).] 

The decay constants and yields of 
the delayed neutrons are summarized 
in the table. With the 
evaluations of coeffi- 


sug- 
and 


these data, 
the 
cients and exponents of Eq. 4 can be 


numerical 


made. 

Changes in pile reactivity arise from 
such factors as control-rod movement, 
fuel depletion, fuel charging and dis- 
charging, fission-product poisoning, 
temperature and pressure effects, and 
special irradiations. In starting up or 
shutting down a reactor, or in changing 
power levels, step changes in reactivity 
may occur through changes in position 
or pattern of control rods, and even 
through changes in coolant tempera- 
ture or pressure of the ambient gas. 
Problems of controlling a power level 
are more closely allied with continuous 
changes in pile reactivity and such 


examples have been presented (5, 6). 
The details for a step change are given 
here. 

For positive step changes in reac- 
tivity, the roots of Eq. 5 have been 
plotted in Figs. 1-7 as functions of the 
reactivity change. Each value of the 
positive reactivity change leads to a 
single positive root, which arises from 
the combined effect of the prompt and 
delayed neutrons, and to six negative 
roots, which are associated with the 
six delayed-neutron groups. The coef- 
ficients, as determined from Eq. 6, are 
also plotted in Figs. 1-7. It is to be 
noted that there is but a single positive 
coefficient corresponding to the term 
with the positive exponent. 

Figures 1-7 may be used to deter- 
mine the thermal-flux transients in 
natural uranium-graphite reactors for 
step changes in reactivity ranging up 
to 0.4%. 

All roots of Eq. 5 are negative for 
negative reactivity changes. With the 
substitution of l/ = 10~* sec, and the 
delayed-neutron data given in the 
table, Eq. 6 becomes 


A; = 


6 


} B 
[] @+20{ 1 +) 8 
t=1 1 


ja 
D+E 
7) 

where D = 8; + 16.1248;>5 — 1.7026s;* 

— 191.7184 — 166.798, 

— 23.9308; — 0.5085 

(s, + 7.5900 — 1,000p) x 

(68;° + 80.6208;* 

+ 130.128,? + 48.3148? 

+ 4.45268; + 0.07472) 
and the s; are roots of Eq. 5. 

Equations 5 and 7 may be used to 
extend the reactivity ranges to include 
negative values. 

For applications to other types of 
thermal reactors, Eqs. 5 and 6 are to 
be used to determine the exponents and 
coefficients for Eq. 4. ; 

In considering the order of magni- 
tude of reactivity changes, it is to be 
that 

permit 


p=B= 
reactor to be 


noted reactivities of 
0.0076 the 
critical with just the prompt neutrons. 
For large reactivities, p > 8, with s; 
large compared to A,, Eq. 5 gives 


pm@l's,+8 
so that 
l U l 


ok er 
8) (op - 8) p 
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which represents thé reactor period 
based upon only prompt neutrons. 
Small reactivities imply that 8, + 
A; ~ Ay, with the subsequent simpli- 
fication to 


Thus at small reactivities, the stable 
reactor period is A = 0.094/p, and the 
transient behavior of the reactor is 
determined solely by the behavior of 
the delayed neutrons, which can be 
approximated by a single group of 
neutrons having 


As an example of the application of 
consider a reac- 
of 0.003. The 

increase with 


Eq. 6 and Figs. 1-7, 
tivity 


relative 


change 


flux 


step 
thermal 
time is given by 


o/do = 2.21 66°: 9 — 0.039 1e—0-013288 
— 0.361 8e~°-05320% — 0. 1 888e7°-2727¢ 
— 0.1261e—!-*** — 0.4919e—4- 883 
— 0.0090e—'*-2% = (9) 


At t = 0*, ¢/¢o0 = 1.00, and the rate 
of flux change is determined by the 
the prompt neu- 
producing a reactor period 
0.003 = 14 For times 
0, the delayed neu- 


behavior of just 
trons, 
of 10 


greater than ¢t = 


sec, 


trons increase the reactor period. As 
the the additional 
contributions of the delayed neutrons 
dampen out, so that after long times, 
the reactor period is given by 1/8, 


time increases, 


which for this example equals 1/0.1051, 
The relative flux increase 
with time is plotted in Fig. 8. 

The inhour equation frequently is 
used to express the reactivity in units 
(3, 8). At very small 


or 9.5 sec. 


of “inhours” 


reactivities, 


+ 


where A represents the stable period. 
Suppose that the reactivity is such 
that the reactor power increases 
steadily by a factor of e each hour. 
To express p in units of inhours, it is 
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necessary to evaluate the conversion 


factor 
6 
Bi 
vi 
i=l 


3600 (inhours per unit of 
’ 


U+ 

Cc = 
reactivity)! 
Equation 5 is transformed into the 


inhour equation by converting the 
units of reactivity to inhours 


inhours of reactivity = 
6 


v + I Bi/s “ 
rae S 1/Ai +A 
i=l 
With l’ = 10-*, and using the data of 


the table below for 8; and A,, the 
inhour equation becomes 


, Ai 37.8 
inhours of reactivity = = 


19.72 
0.62 + A 

2,040 
317+ A 


199 
219 +A 

786 
80.0 + A 


0.79 
0.07 + A 
516 


6.5+ A 


with A in seconds. 

Several inhour equations, based upon 
older sets of delayed-neutron data have 
been reported (3, 8), and Hughes et al. 
(12) should be consulted for compari- 
sons with reactor data. (For these 
other equations, I’ has been taken to 
be 1.5 X 10-* sec.) For example, a 
stable reactor period of 9.5 sec, corre- 
sponding to a reactivity of 0.003 (see 
Eq. 9) implies that the power level 
increases by a factor of e every 9.5 
In terms of inhours of reactivity, 
p is calculated to be 114 inhours. 

Whereas an inhour, per se, is the 
reciprocal of the period expressed in 


sec. 





Constants for Delayed Neutrons From 
U**® Fission* 
ling x 


(sec) (sec™') By 





0.00029 
0.00084 
0.0024 
0.0021 
0.0017 
0.00026 
* Data from Soodak and Campbell (/). See 


Hughes e¢ al. (12) and Sun ef al. (13) for original 
report and comparisons of delayed-neutron data. 


13.86 
1.61 
0.456 
0.154 
0.0315 
0.0125 


0.05 
0.43 
1.52 
4.51 
22.0 
55.6 





hours, the equation above must be 
used to calculate the relations between 
inhours and reactor period. It is at 
very small reactivities only that the 
reactivity expressed in units of inhours 
is inversely proportional to the reactor 
period. 

Dollars and cents also are used to 
define units of reactivity. In this 
case, the reactivity in dollars is defined 
as (7) 

ket — 1 _ hex 
B B 


The reactivity is 40 cents for k,, = 
0.003, and 8 = 0.00759. A $1.20 
worth of reactivity corresponds to a 
kx = 0.009, and p = 0.009/1.009. 

Two-term method. The first term 
corresponds to the prompt-neutron 
fraction, but the second term is ficti- 
tious and represents the combined 
effects of all the delayed neutrons. 
The two-term solution (1) is approxi- 
mated by 


@ _(—-p/l), 
do 82 — 81 


ayt 





(p/])s, 
e 
82 — 8; 


ait 


The roots 8; and 82 are obtained from 
the equation 


V's —p+8/(8 +A) =0 


With 6 = 0.00759, \ = 0.08056, and 
with p = 0.003, and l’ = 10-* 


$/o = 1.618%? — 0,618¢e~+722 


As shown in Fig. 8, the two-term 


approximation is not satisfactory and 
becomes progressively worse for larger 
values of time. 

Included in Fig. 8 are values ob- 
tained using a Westinghouse portable 
electronic kinetic simulator (10). Al- 
though the simulator as used was 
wired for a slightly different set of 
delayed-neutron data, the agreement is 


excellent. 
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EXPERIMENTAL setup, showing television camera, indicator, X-ray generator, and detector 


Energy Dependence 
of Scintillating Crystals 


Crystals herein reported are energy dependent; anthracene characteristics are most 


suitable for roentgen measurements. 


Data obtained using 30-250 X-rays compare 


well with curves calculated from photoelectric and Compton absorption coefficients 


By GEORGE J. BRUCKER 
Signal Corps Engineering Laboratories 
Fort Monmouth, New Je rsey 


ENERGY DEPENDENCE of the response 
of scintillation counters and crystal 
dosimeters, as compared with that of 
an air-equivalent chamber, is funda- 
mental to the measurement of roent- 
The 


literature contains investigations of the 


gens or roentgens per second. 


energy dependence of alkali halides as 
regards the production of color centers 
(7, 2) 
an investigation of the general depend- 
light 
crystals on the energy of the incident 


This paper gives the results of 


ence of the output of various 


radiation 


Theoretical Considerations 


The theoretical response curves are 
obtained under the assumption that 
the light efficiency of 


72 


a crystal is 


independent of the energy of the inci- 
dent radiation. Thus, the light output 
of a crystal will be proportional to the 
total energy absorbed. 

A precise calculation of the total 
energy absorbed from a gamma-ray 
beam by a thick crystal is not easily 
performed. Absorption of energy from 
an initially monochromatic beam is 
complicated by the presence of photons 
of lower energy which are produced by 
Compton scattering. One could as- 
sume that the intensity of 
radiation at every z is given by Ee™*"* 


gamma 


where yu, is the total absorption coeffi- 
cient of the material for the incident 
photons and Epo is the energy per 
square centimeter in the incident 
gamma radiation, which is assumed to 
be monochromatic. If 


dE = pEye*r*dz (1) 


is taken as the energy absorbed in dz 


at z, the absorption of degraded quanta 
In Eq. 1, 
absorption 


would be entirely neglected. 
u=tTt+ao, is the true 
coefficient, where 7 is the photoelectric 
absorption coefficient and oq represents 
the absorption of energy transferred 
to electrons by Compton encounters. 
On the other hand, one could make the 
approximation that 


dE = pEge**dz (2) 


This procedure does consider that the 
intensity at each z is larger than that 
given by Eq. 1. Clearly it also sub- 
scribes to a fiction which can be ex- 
pressed in one of two alternate ways: 
either it assumes that the degraded 
quanta move in the z-direction and are 
absorbed with the same yu as are the 
primary quanta, or that it is permissi- 
ble to assume equivalence between 
loss of a certain amount of energy from 
the beam and loss of a certain number 
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of quanta having total energy equal 
to that absorbed by the crystal. 

Of the two expressions given for dE, 
Eq. 2 is preferred as a method of taking 
into account in some approximate 
manner the contribution of degraded 
The distinction is certainly 
insignificant in the low-energy region 
absorption  pre- 
The results obtained may 
not differ too much even in the energy 
region Compton absorption 
contributes appreciably, since the fac- 
tors occurring in the final expression 
obtained Eq. 1 for the total 
absorbed energy tend to compensate 
A few sample calculations 
were made using Eq. | in its integrated 
It was found that the response 
have the same 
general shapes as those obtained from 
Eq. 3, A rigorous pro- 
cedure, considers the 
intensity spectrum at every z, would 
complications 
so far as this study is concerned. 

Unfortunately the method adopted 
does not provide an estimate of the 
accuracy of the results obtained. The 
agreement results ob- 
tained by these two methods would 
seem to indicate that the approxima- 
at least in the 


quanta. 
where photoelectric 
dominates 


where 


from 
each other 


form. 


curves obtained 


so 
given later. 
wherein one 


introduce undesirable 


close between 


tion is rather good- 

energy range covered. 
If Eq. 2 is integrated over the thick- 

ness of the crystal, the total absorbed 


energy is 


E, = Eo(1 — e*4) (3) 
where E, is the total energy absorbed 
by a erystal of 1-cm? area normal to 
the radiation and of thickness d. 

Since are interested in the re- 
sponse of the material as compared 
with that of air, the following ratio 


has been computed 


we 


(1 — wd) 
R = —_! 


crystal response 
(ud) 


air response 


The exponential which would have 
been in the denominator has been 
replaced by the first two terms of its 
expansion (ud),ir <K 1. These 
ratios are plotted on this page. 


since 


Computation of Coefficients 

The photoelectric absorption coeffi- 
cients were calculated by using the 
formula given by Victoreen (8). 
Compton absorption coefficients were 
calculated by using the Klein-Nishina 
formula (4). The total absorption 
coefficients are listed in Table 1. The 
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mass absorption coefficients u/p of the 
crystal compounds, listed in Table 2, 
are given by 


ia , ‘ 
(u/P)eceystal = W Lwi(u p)s (5) 


where w; is the weight of element 7 
in the crystal and W is the total weight 
of the compound. 


Experimental Procedure 

The light output was measured with 
a commercial photovolt instrument 
and a photographie shutter and con- 
tainer adapted to fit the window of a 
1P21 photomultiplier. The readings 
were taken remotely by means of a 
television camera and receiver. A 
constant-potential Westinghouse X-ray 
generator, operating at 30-250 kv, 
served as the source of gamma rays. 

The X-ray beam was collimated by 
means of a lead shield placed at the 
exit window of the machine. The 
shield had» a thickness of 4 mm and 
contained a square aperture having a 
side of 8 cm. The experimental set- 
up is pictured on p. 72. 

An absorption experiment was per- 
formed with aluminum, copper, cad- 
mium, and lead filters. Effective 
energies for various filter combinations 
were determined from the curves of 
intensity versus thickness of filtering 
material. A constant dose rate of 
2 r/min, as determined by a Victoreen 
25-r chamber, was used throughout 
the experiment. This gives experi- 
mental values which are relative to 
that of an air-equivalent chamber. 
Anthracene was used as a monitor by 
taking readings at the beginning and 
end of each exposure at any one energy. 
All crystals were approximately 1 cm 
thick, except for the activated KBr 
crystal which was 2 em thick. 


Conclusions 

The experimental curves were ad- 
justed to those of the theory by multi- 
plying the observed values by the ratio 
of peak-theoretical to peak-observed 
value. On comparing the response 
of the activated crystals with that of 
the pure crystals, it was found that 
the only effect of the activator was to 
increase the light output by a factor 
of 10-100 with no apparent change in 
the basic response curves. The ob- 
served data follow the general shapes 
of the calculated curves. 

All the crystals are quite energy 
dependent, and could not be used 


Theoretical curve 
Experimental curve 0,0 


Anthrocene 
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sponses vs energyjof incident X-rays 
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TABLE 1— 


Total Absorption Coefficients of Elements Calculated from Photoelectric and Comption Absorption Coefficients 


Absorption coefficients of crystal elements (/p cm*/gm) 





memes “ 
(ket H N 0 F Na A K Ca 
30 01875 
40 02260 


251 3.916 17. 

.3896 1.683 7.964 
.7283 0.8773 .210 65 
.4311 0.5183 .493 7.745 
.2798 0.3352 .598 5.071 
.1946 0.2320 .087 3.499 
.1144 .1432 0.1698 7751 511 
08914 0.1106 0.1302 .5742 867 





0.5919 
0.2578 
0.1400 
0.08828 


545 

093 

5705 
. 3385 
. 2207 
. 1544 


.09387 0.1508 0.2285 0.3898 
.04704 0.07109 0.1040 0.1395 
50 02757 0.03217 0.04449 0.06139 0.07916 
60 03067 0.02604 0.03318 0.04298 0.05290 


70 03420 0.02391 0.02840 0.03459 0.04045 0.06286 
80 .03696 0.02309 0.02610 0.03024 0.03378 0.04888 
90 03853 0.02255 0.02467 0.02758 0.02975 0.04042 
100 04050 0.02270 0.02424 0.02637 0.027616 0.03573 
125 04525 0.02398 0.02476 0.02585 0.02585 0.02998 0.05685 0.06875 0.07914 3077 .9961 
150 04803 0.02488 0.02533 0.02597 0.02538 0.02786 0.04285 0.05117 0.05685 0.1889 0.5943 
200 05233 0.02669 0.02731 0.02715 0.02605 0.02725 0.03269 0.03710 0.04020 0.09458 0.2699 


.05395 
.6571 0.04180 
2976 0.03318 





TABLE 2—Absorption Coefficients of Compounds Calculated from Element Absorption Coefficients 


Absorption coefficients of crystal compounds (u/p cm*/gm) 
Ene rgy ? 
(ker Air 


CaF, NaCl 


0.08962 . 200 13.09 its Bn 
0.04566 .9316 5. 807 9.16 z. 23.46 
0.03191 4888 066 7 9. 3.21 
0.02630 2918 5 i j 115 
325 
3.676 
643 
.966 
.048 
6264 
2841 


CuH 


KBr Kl Cc 


3.473 
494 
7857 
.4720 
3135 
. 2249 
1714 
1383 
.09639 
07863 
06679 


30 1996 

410 09184 

50 05517 
03938 





03230 
02871 
02650 
02556 


0.02449 
0.02388 
0.02345 
0.02371 


.1917 
1355 
.1016 
.08027 
.05320 
.04153 
.03331 


. 2292 
. 1437 
.07570 


02543 
02570 
02734 


0.02518 
0.02619 
0.02814 








without some type of filter for measure- 
ment of radiation dosage or dose rate 
in the 
Anthracene is the most suitable of the 
crystals. 


range of energies covered. 
Its response, asshown graph- 
ically on p. 73, is flat from 150 kev 
upwards, but shows a faster dropping 
off at low energies than is predicted by 
the theoretical curve. The theoretical 
response was determined subject to the 
assumption that the efficiency for light 
production is independent of energy. 
The differential efficiency of fluores- 
cence, dL/dE, has been determined for 
electrons incident on anthracene (4). 
About a 20% decrease in efficiency is 
indicated in going from 100 kev to 27 
kev. In this 
sponse to photoelectrons produced by 


energy range, the re- 
the X-ray beam may be compared with 
the 
beam of 
obtained by 


response to a primary electron 
like The results 


using X-rays show the 


energy. 


same type of behavior as that reported 
by Taylor (4). 


74 


This behavior is in 


qualitative agreement with the theory, 
as proposed by Kallmann (6), that the 
efficiency for light production decreases 
if the density of ionization becomes 
sufficiently large. 

It should be observed that for the 
heavier crystals the factor e** is 
approximately zero over most of the 
energy range investigated, and conse- 
quently the response is given by the 
reciprocal of the absorption coefficient 
of air. This does not apply to an- 
thracene at any energy. 

Experimental and theoretical curves 
for the production of color centers have 
been given as a function of the energy 
of the incident radiation (1, 2). Al- 
though the latter method of determin- 
ing the energy dependence differs from 
that of the present report, the experi- 
mental results should agree since the 
fundamental process of energy absorp- 
In the 
case of potassium bromide, the only 


tion is the same in both cases. 


crystal common to all three reports, 


agreement is obtained as regards the 
general shape of the curves. The fol- 
lowing tabulation compares experimen- 
tal and theoretical peak values (kev) 


NRL Armour 

ESL (1) (2) 

Theoretical 80 100 80 
Experimental 75-85 75-80 No value 


Since the peaks of the experimental 
curves are not sharp, the range in which 
the KBr peak occurs is tabulated. 

* » . 


The writer wishes to express appreciation 
for valuable discussions held with Dr. W. 
Ramm and Dr. W. S. McAfee of this Labora- 
tory during the experimentation and subse- 
quent preparation of the report 
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Aerial Surveying for Radioactive 
Ground Contamination 


Tests, employing Co, Cs, Na, and Ta sources to simulate ground contamination 


resulting from radiological warfare, indicate that light aircraft and commercial 


G-M survey meters provide a feasible method for surveying large ground areas 


By D. M. DAVIS, 
Health Physics Division 
Oak Ridge National Laboratory 


Oak Ridge, Tennessee 


THE possiBILiry that large ground 
become contaminated with 
resulting from  radio- 
logical warfare, atomic bombings, sabo- 
tage, or radioisotope- 
production industries, emphasizes the 
a rapid method of ground 

Preliminary experiments 
were made to test the practicability of 
light aircraft and commer- 
available radiation-detection 
equipment. 


areas may 


radioactivity 
accidents in 


need for 
surveying. 


using 
cially 


Instrumentation 
The radiation detector should possess 
sensi- 
relative 


several qualities: ruggedness, 
tivity, simplicity, 
economy, and availability. 

The scintillation-counter survey me- 
ter offers certain advantages for this 
but 
sidered because of its current high cost 


mobility, 


type of surveying, was not con- 
and lack of commercial availability. 
the ionization-chamber- 
not sensitive 
enough to obtain positive data in most 


As expected 
type instruments were 
cases 

The Zeus, Cutie Pie, and one type 
of civilian defense instrument, which 
is direct reading from approximately 
0 to 500 r/hr, were checked. Tests 
with 18 Ta sources (totaling approxi- 
mately 720 curies), at a ground speed 
mph and an 
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of approximately 60 


J. C. HART, and K. Z. MORGAN 


altitude of 500 ft, produced readings of 
5 mr/hr on the Zeus and the Cutie 
Pie. The arrangement of the sources 
is shown in Fig. 1. At an altitude 
of 200 ft, the Cutie Pie indicated a 
radiation dose rate of approximately 
80 mr/hr. The response times of the 
Zeus and the civilian! defense instru- 
ment were too slow to give significant 
readings under these conditions. 

A G-M-type detector best satisfies 
the requirements. With normal care, 
this type of instrument operates well 
in all weather including 
high relative humidity. 
wide variation in temperature, and for 
very high counting rates, the G-M 
tube should 
because of its satisfactory 


conditions, 
In cases of 


contain a halogen gas, 
operation 
over a wide range of temperatures and 
its almost unlimited life. 

Practically all of the commercially 
available G-M survey instruments con- 
sidered have three sensitivity ranges 
calibrated in counts per minute or 
milliroentgens per hour. The 
critical component is the thin-walled 
G-M tube. 
ments have a removable shield which 
serves to protect the tube while the 


most 


In general, most instru- 


instrument is being transported, in 
addition to its use as a radiation 
absorber. Most of the 
models give a minimum battery life 


commercial 





FIG. 1. Arrang 


of at least 150 hr of continuous opera- 
tion. The size and weight vary, but 
most types have a volume less than 


400 in.*, and weigh less than 10 lb. 


Radiation Sources 

The following types and quantities 
of sources were used in the tests: 

Cobalt-60. A total of 37 curies of 
Co® consisted of six sources, of which 
four sources were approximately 6.4 
curies each, one source was approxi- 
mately 4 curies, and one source was 
approximately 8 curies. For identi- 
fication purposes, the sources were 


labeled A, B, C, D, E, and F. A, B, 
75 











FIG. 2. 


C, and E were 6.4 curies; D, 8 curies; 
and F, 4 curies. 
Cesium-137. 

contained approximately 6.4 curies. 
Sodium-24. Approximately 0.87 
contained in Na*4 


The single Cs'*’ source 


curles were one 
source. 

Tantalum-182. <A total of approxi- 
mately 720 curies of Ta'** consisted of 


18 sources of about 40 curies each. 


Flight Data 

On March 20, 1951, flights were 
made in an L-4 type aircraft for the 
purpose of determining altitude levels 
at which a source involving 
approximately 4 curies of Co® could 
be detected with reasonable accuracy. 
The aircraft a pilot and an 
observer, who recorded the data. The 
available, 


point 


carried 
unmodified, commercially 
portable survey instruments used are 
shown in Fig. 2. 

The Co® 
cylindrical, 


source was enclosed in a 
lead-shielded carrier ap- 
proximately 9 in. in diameter, which 
was designed to provide a minimum 
of 4 in. of lead shielding at all points 
the the 


With the lead plug 


around source when carrier 


was assembled 
removed from the top of the carrier, 
the source gave an unshielded vertical 
collimated beam at an angular width 
of approximately 90 degrees (see Fig. 
3). 

A maximum 


reading of 3. scale 


divisions (or 50% above background) 


was observed on the most sensitive 


scale at 
1,000 ft 


an approximate 


an altitude of approximately 
Table 1). At 500 ft, at 
ground speed of 60 


mph, it was observed that the plane, 


was in the radiation field for about 10 
Contour flying verformed 
satisfactorily at the latter speed and 


altitude, with the detector showing ap- 


76 


sec. was 


Recorder, power supply, and G-M detector used 


— a A 
~ ¥ 


[ wt Cobalt source 





proximately half-scale (or 10 divisions) 


on the most sensitive scale of the 
instrument. 

The observer was often allowed only 
1 sec between readings. The radiation 
dose-rate meters had a slow response, 
meaning that, at low-level flights, they 
did not have time to reach a maximum 
reading, and the normal fluctuation 
of the meter pointer, together with the 
vibration of the plane, made accurate 
readings difficult. Inaccuracies in es- 
timating the lateral 


elevation of the plane added to the 


position and 
uncertainties. 

On March 22nd, 1951, all experi- 
ments were repeated with the exception 
that the 
pletely from 


com- 
carrier, thus 


effect. As 


source removed 


the 
reducing the collimation 


was 


lead 





TABLE 1—Typical Data with 4-Curie 
Source of Co’ 
Instrument Calculated reading 
Altitude with uncollimated 
(ft) (mr /hy 


reading 
source (mr/hr) 


0.01 0.022 
0.03 0.044 
0.05 0.099 
0.18 0.260 
1.00 1.200 








Cobalt source 


e 


zx 














FIG. 4. 
tion limit for uncollimated Co 


Flight path for determining detec- 
®° source 


Unshielded, collimated beam of Co® source 


would be expected during these flights, 
the plane was in the radiation field for 
a longer period of time on each flight 
This gave the slow- 
response instruments time to 
reach a reading corresponding to the 
dose rate. The source was detectable 
at an altitude of 500 ft while the plane 
was flying over a point 1,000 ft from 
the source at ground level, as in Fig. 4. 
All subsequent flight tests were made 


over the source. 
more 


with uncollimated sources. 

On August 27th, flights were made 
over the Na*™ source at altitudes of 
approximately 100, 200, 300, and 400 
ft. Experimental readings and the 
calculated values for the various 
altitudes are shown in Table 2. 

On August 28th, flights were made 
over Co® sources A, B, C, D, and E, at 
200, 500, and 1,000 ft. 

were arranged in the 
Also, flights 
when 


altitudes of 
The 
pattern shown in Fig. 5. 


sources 


were made over these sources 
they were placed close together, essen- 
tially forming a 37-curie point source 
of Co. The results of experimental 
readings and the calculated values are 
given in Tables 3, 4, and 5. 

Figures 5, 6, and 7 show the readings 
obtained from the G-M survey meter 
wired to the Esterline Angus recorder 
as compared to the calculated values 
derived from data taken at altitudes 
of 160, 500, and 1,100 ft flown over a 
line of sources arranged as indicated in 
the figures. 

Figure 8 compares calculated values 
with experimental readings obtained 
by flying over the sources, arranged as 
indicated, at an altitude of 500 ft. 
These particular data were obtained 
from two flights, one directly over the 
center of the square, the other flying at 
a distance of approximately 400 ft from 
side of the 200-ft The 
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one square. 
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TABLE 2—Experimental and Calcu- eure Maemo € 
lated Values with 0.87-Curie Na** 
Source 
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FIG. 6. Calculated and flight data obtained at an altitude of 500 ft, with Co” sources 
TABLE 5—Co”™ Sources A, B,C, D, and errenged as indicated 
E Arranged as 33.6-Curie Point Source 


eines RGR sb Cowes Arrangement of Co®° 
sources A.B.C,D and E— 








Mazimum Maximum -. 6-2 0 
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TABLE 6—Cs'*’ Source of 6.4 Curies f 





Mazimum Mazrimum 
instrument calculated 
Altitude reading reading 
(ft) (mr /hr) (mr /hr) ',000 1,500 2000 2,500 3000 3500 
—_ ‘ a Rees eRe a. = Kat Distonce (ft) 
500 0.03 0.022 


200 0.30 0.350 FIG. 7. Calculated and flight data obtained at an altitude of 1,100 ft, with Co®® 
sources arranged as indicated 
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higher readings are for the flight 
directly over the center of the square. 
The readings of the G-M survey meter, 
as plotted in the graphs, were obtained 
by setting the “true course” of the 
plane so that it would travel along the 
desired. flight path, holding the air 
speed at approximately 60 mph, with 
readings being taken at approximately 
The wind velocity 
was near zero so that the ground speed 
was very nearly equal to the air speed. 
The 170 ft 


between each reading. 


intervals. 


2-sec 


plane traveled about 

On August 30th, flights were made 
over the cesium source at altitudes of 
200 and 500 ft. 
and calculated 
Table 6 

On August 31st, flights were made 
over cobalt sources arranged as indi- 


Experimental data 


values are given in 


cated in Fig. 9. Experimental results 
and calculated values are compared in 


Fig. 9. 
Calibration of Sources 
The of the 


sources was measured with moderate 
They were checked by the 


strength, or activity, 
accuracy. 
following methods: 

1. Estimated by 
measurements 


making roentgen 
with Vic- 
toreen meters and Lauritsen Electro- 
range in air where 
could be 


dose-rate 
scopes at close 
the 
neglected. 

2. Estimated 


rate measurements made in 


scattering correction 
dose- 
air at a 
considerable distance from the sources 
with a 


from roentgen 


Lauritsen Electroseope in the 


case of the Co, Cs’, and Na*4 
sources, 

3. Measured under water in a large 
tank in the the Co, 


parisons were then made with calibra- 


case ol Com- 
tion data and build-up factors reported 
by White (7). 

In the se cond method theoretical 
data of Morgan Ford (2) 
used in making estimates of the curies 
from the roentgens 
per hour at a known distance. It was 
assumed that the dose D, in mr/hr 


and were 


measurement of 


curie, at a distance r, in feet, from a 


point source is given by the equation 


2, 
D = — ni R; e-# (1) 
r 


, 
= number of 
defined 


in which A curies (a 
as 3.7 < 10" dps), 


n; = the fraction of the disintegrations 


curle 1s 


that results in the emission of a gamma 
photon of E; Mev, w; = the total 
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FIG. 8. Calculated and flight data obtained by flying over Co" sources, arranged as 


indicated, by flight paths A and B 
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FIG. 9. Calculated and flight data obtained at an altitude of 200 ft, with Co™ sources 


A, 8, and C arranged as indicated 


linear coefficient of 
energy E; (3) in air at density 0.0012 
gm/cm* (the value at 22° C and 76 
em Hg), R; = the mr/hr 1 ft from 
the l-curie source that emits a gamma 
energy E;, B =the build-up factor 
due to the scattering of radiation from 
the air and from the ground. 
The equation for R; is 


R; = 


absorption of 


1.69 K 108(u —ao,);E; (2) 


where (u —o,); = total coefficient 
(em~') of absorption minus the Comp- 
ton scattering coefficient (3) in air for 
(Mev). The 


value of B in air, determined from a 


photons of energy E 


series of experiments (most of them 
with Co), is given approximately by 
the equation 


B=1+5X10-r'-%8 = (3) 


No great accuracy is claimed for this 
equation in determining the build-up 
factor. It applies fairly well as a 
scattering correction to dose-rate meas- 
urements made a few feet above the 
ground and at various distances from 
a Co® source, but may be a poor 
approximation to the true build-up 
with other sources. 

Figures 10 through 13 are plots of 
Eq. 1. The solid curves are for the 
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11. 


Build-up factor, calculated from Eq. 
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FIG. 
3, for a Na* source 


case } where the build-up factor is 1, 
and the curves for the case 
where the build-up factor is given by 
Eq. 3. These figures were used for 
determining the calculated values of 
Tables 1-6. 


dashed 


Conclusions 


Although there was reasonable agree- 
ment of experimental and theoretical 
data, these experiments were intended 
to check the operation of commercially 
available radiation-detection instru- 
ments, and were not an attempt to 
check or develop the theory of radiation 
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12. Build-up factor, calculated from Eq. 


FIG. 


13. Build-up factor, calculated from fEq. 


3, for a Cs'*’ point source 


attenuation and scatter. As would be 
expected, in some cases there was 
considerable deviation of the experi- 
mental from the theoretical data. 
This, however, does not nullify this 
method of radiation survey as perhaps 
the most promising method of quickly 
surveying a contaminated area. 

If better quantitative data is needed, 
fast-response, scintillation-counter 
equipment may be developed for this 


application. 
. + + 


The first group of tests were made possible 
through the cooperation of the Tennessee State 
Civil Air Patrol, with direct assistance from 
Capt. E. J. Keen and Lt. Curtis R. Palmer 


of the Oak Ridge unit. R. D. Birkhoff, tech- 
nical advisor to the Civilian Defense Group 
for the State of Tennessee, and G. E. Miller, 
head of General Safety for the Municipal 
Operations of Oak Ridge, collaborated on 
major problems. 

The second series of tests were made possible 
by the active participation of H. H. Abee, 
A. D. Warden, and other members of the Health 
Physics Division, ORNL. Further acknowl- 
edgement is extended to Dr. John H. Rust and 
members of the staff of the University of 
Tennessee's Agriculture Experimental Sta- 
tion who provided test sites and certain types 
of radioactive sources. 
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Survival after 
Radiation Exposure 


—Influence of a Disturbed Environment 


Irradiated mice and rats have been subjected to fatiguing exercise, 


poor diet, and infection, in experiments to evaluate the effects 


of conditions expected to follow an atomic-weapon attack 


By WILLIE W. SMITH 


National Institute of Arthritis and Metabolic Diseases 
National Institutes of Health, Bethesda, Maryland 


IT WOULD BE WELL for us to know, 
with as much assurance as possible, 
how the environment 
an atomic attack 
would affect survival after exposure 
to radiation. 


changes in 
brought about by 


of homes 
and a breakdown of transportation will 
entail 


Destruction 


and unaccustomed 
First aid and food 
supplies will be limited. 


exposure 
physical exertion. 
Satisfactory 
will almost 
In addition to the 
heat, blast, 
and flying missiles, there will be those 


facilities for sanitation 
surely be lacking. 
manifest casualties from 
victims who do not know whether or 
sick, and to what extent 
they can remain active without jeop- 


not they are 


ardizing their chance of survival. 

We have attempted to evaluate the 
effect of a disturbed environment upon 
radiation injury by studying labora- 
tory animals placed, after whole-body 
X-irradiation, in situations comparable 
to those which would be encountered 
by man.* 


80 


The small laboratory animals can 
be studied in numbers sufficient for 
generalization within the chosen popu- 
lation, but the extension of conclusions 
to man must be made only with appro- 
priate reservations. Extrapolating 
from mouse to rat, or even from one 
group of mice or rats to another, is 
unwarranted in certain respects. By 
the same token, extrapolation from 
other primates to man may be equally 
misleading. Observations on many 
species are being collected, however, 
which will continue to strengthen the 
validity of conservative generalizations. 

An additional reason for the exercise 
of caution in extrapolating from animal 
to man is the strong psychosomatic 
reaction which can be expected in man 
when he knows, or thinks, that he has 
been exposed to high-energy radiation. 


* Many of these experiments are from 
our own laboratory; though others are dis- 
cussed, a complete review of the literature 
is not attempted. 


The fear of that which can be neither 
seen nor felt while it destroys—not 
immediately, but after days of uncer- 
tainty—causes panic, depression, and 

These reactions superimposed 
true effects 
difficult to appraise in the absence of 
facilities, and 
their influence on the course of radia- 


illness. 


upon radiation may be 


adequate laboratory 
tion illness cannot be evaluated by 
animal experimentation. 

We believe that information 
cerning effects of 
mental disturbances following radia- 


con- 
various environ- 
tion will serve to allay fear and reduce 
complicating psychogenic reactions. 


Exercise 

Mice and rats that are obviously sick 
after irradiation cannot tolerate long 
periods of exercise as well as healthy 
animals, but after radiation doses in 
the low lethal range, or during the few 
days that the animals look well after 
higher doses, their tolerance to long 
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periods of moderate exercise compares 
favorably with that of nonirradiated 
controls. 

The effect of exercise on radiation 
lethality has been studied in mice and 
rats. Results of these experiments, 
summarized in Table 1, are given in 
some detail because of their importance 
if extrapolation to man is anticipated. 

These mice and rats suffered rela- 
tively little permanent damage from 
being forced to walk in the treadmill 
for the periods indicated, taking as the 
criterion mortality at 30 days. In 
only occasional groups is the increase 
mortality statistically 
significant (1, 2). On the other hand, 
rats weighted and made to swim to 
exhaustion in water sometimes as cold 
as 60° F showed an 
increase in mortality (3). The dif- 
ference seems to be due to the greater 
intensity of the swimming experience, 
although it is questionable that other 
factors can be entirely ruled out. 

Perhaps the most important aspect 
of these results is the fact that the 
effect of exercise on radiation lethality 
small. Both types of exercise 
are very severe. In one case, the 
rats had to swim until they could no 
longer rise to the surface, while in the 
other the walking period was long with 
no time allowed for rest, eating, or 
drinking (in each period of walking, 
the lost about 10% of their 
weight). Considering the additional 
fact that many of the animals were 
ill when they were forced to 


over control 


consistently 


Is 80 


rats 


quite 


walk or swim, the proportion surviving 
seems remarkably high. 


Environmental Temperature 

In the chilled frog and the hibernat- 
ing woodchuck, metabolic rate is 
greatly reduced and the development 
of radiation damage is delayed, though 
not ultimately diminished (4, 5). In 
mice and rats, the metabolic rate is 
increased in the cold, and deaths after 
radiation are more numerous than 
when the animals are kept in a warm 
environment (6, 7). Of 140 mice 
caged singly in a room kept at 50° F, 
69% died compared to 39% of those 
kept at 86° F. 

Thyroid or dinitrophenol feeding 
also increases metabolic rate and radia- 
tion lethality, but thyroidectomy, anti- 
thyroid substances, and sedation are 
not, conversely, beneficial (8, 9). 

The mechanisms involved remain 
obscure, but the evidence indicates 
that exposure to extreme cold, or to 
intense and exhaustive activity, would 
be unwise after severe irradiation. 


Hypoxia 

In experiments designed to simulate 
evacuation by air, it was shown that 
four hours at 20,000 feet altitude had 
no demonstrable effect on radiation 
lethality in mice (10). In a single 
experiment, sublethally irradiated rats 
withstood daily exposures to 25,000 
feet for a significantly longer time than 
their controls (11). Irradiated mice 


have been shown to tolerate acute 


hypoxia slightly better than controls 
(12), and it has recently been reported 
that tolerance of rats to acute hypoxia 
under reduced barometric pressure 
is not altered by previous exposure 
to X-ray (13). 

During the anemic phase, one would 
expect the limits of tolerance to 
hypoxia to be somewhat lower in 
irradiated than in normal animals, but 
this has not been demonstrated and, 
for practical purposes, it seems safe to 
conclude that radiation gives rise to 
no peculiar sensitivity to anoxia. 


Food 

It is probable that an atomic disaster 
would cause a local shortage of food 
or of certain kinds of food. Enforced 
fasting for moderate periods of time, 
however, does not perceptibly influence 
the lethal response to radiation in 
mice, rats, or guinea pigs (14). 

The eating patterns of these animals 
after irradiation differ widely, and 
are apparently characteristic of the 
species. It is interesting, but perhaps 
coincidental, that guinea pigs, which 
continue to eat and gain weight during 
the first days following irradiation, 
have a very high degree of suscepti- 
bility to radiation while rats, which 
refuse practically all food and lose 
weight precipitously, are relatively 
resistant. 

In rats there is a marked stasis of 
gastric contents for several days after 
irradiation, which seems sufficient ‘to 
account for their refusal of food, 





TABLE 1 


Exercise Effect on Radiation Lethality in Mice and Rats 





Animals 
Mice (1) 
None 


Type and duration of exercise* 


Walking 8 hr/day, 3 days 





Walking 4 periods of 3 hr each/day, 14 days 


None 


Walking 8 hr/day, 21 days 


None 


Walking 7.5 hr/day, 9 days 


None 


Walking 7.5 hr/day, days 1-3 or 2-6 postirradiation 
Walking 7.5 hr/day, days 6-8, 7-8 or 7-15 postirradiation 


None 
Rats (3) 
None 


* Rate of walking, 0.17 miles/hr in a motor-driven treadmill. 


Swimming to exhaustion 5 days/wk, 4 wk 





Mortality 
(%) 


No. of 


240 18 
88 12 
40 65 
50 54 
470 40 
470 60 
490-620 135 76 
490-620 223 60 
515-570 81 73 
515-570 78 72 
515-570 135 66 
500-700 173 61 
500-700 162 17 


28t 
12 


Duration in the first group 3 consecutive days within the first 15 days 


after irradiation, in the other groups consecutively for the days indicated, beginning the day following irradiation. 


+ Adjusted by subtracting 25%, 


which was the mortality of simultaneously exercised nonirradiated controls 
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and forced feeding by stomach tube at 
that time is distinctly harmful, even 
when the food is partially predigested 
(14, 14). 

Although a low-protein diet given 
to young rats for several weeks before 
and continued after irradiation was 
associated with a slightly increased 
mortality (Table 2), when this protein- 
deficient diet was given only after 
irradiation it did not impair, nor did 
a high-protein diet significantly im- 
prove, the proportion surviving seven 
weeks later (16). None of the vita- 
mins studied appear to be of consistent 
therapeutic benefit. 

In questions of alimentation, the 
observed species differences make it 
particularly advisable to exercise cau- 
tion in attempting to extrapolate to 
man. Nevertheless, it seems probable 
that short periods without food, or 
longer periods with moderately poor 
not to be a major 


diets, will 


factor in survival after radiation. 


prove 


Adrenal Function 

Severe impairment of adrenocortical 
function causes a decrease in tolerance 
to various well-known types of stress. 
Results of the experiments dealing 
with exercise, cold, and altitude, and 
tests of tolerance to injected KCl or 
histamine (17) indicate that specific 
radiation is 
not the 
incapable of tolerating moderate de- 


adrenal damage due to 


sufficient to render animal 
grees of stress, at least until it is about 
to die of other radiation sequelae. 
Although mice with intact adrenals 
have been shown to tolerate radiation 
better than mice 
(18), and 


adrenalectomized 
shielding was to 
extent irradiated 
19), treatment of irradiated mice 
ACTH or not 


proven beneficial (20). 


adrenal 
some protective in 
rats 
with 


cortisone has 


Hemorrhage 

One of the most characteristic of the 
observed both in the 
large 


radiation effects, 
Japanese casualties and in a 
variety of experimental animals, is 
the development of a marked hemor- 
rhagic tendency. Capillary fragility 
is increased and platelet counts reach 
vanishingly low levels, resulting in a 
bleeding defect which can be corrected 
by infusions of freshly prepared plate- 
lets (21). This treatment not 
reduced mortality in irradiated dogs 
conditions, 


has 


under normal laboratory 


and the amount of platelets necessary 


to maintain an effective level is such 
that its use should be considered only 
in special cases (22). 

The bleeding tendency 
usually appear until about a week after 
irradiation and it may then persist 
for a week or more, coinciding, in 
part, with the period of greatest 
anemia. Disturbances in the environ- 
ment would constitute a particular 
hazard during that time by increasing 
the occurrence of traumatic incidents, 


does not 


but no experimental evaluation of this 
effect has been reported. 


Infection* 

The natural defenses against infec- 
tion are at an extremely low ebb after 
whole-body irradiation. Mice are ab- 
normally susceptible to infection for 
as much as two to three weeks following 
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CORRELATION between naturally occur- 
ring infection and time to death in mice 
exposed to radiation from 550-800 r 


sublethal irradiation, even though the 
hematopoietic system is then approach- 
ing normal (23, 24, 24). 

This condition seems to be of general 
occurrence, although the principal site 
of invasion may vary from one species 
to another. In the bacteria 
found in the blood stream are usually 
of intestinal origin (26), while in dogs 
the tonsils are a major site of invasion 
(27). 


and cutaneous ulcerations were com- 


mice, 


In the Japanese casualties, oral 


monly observed (28). 

The extent to which spontaneous 
infections may affect survival time at 
different radiation doses is shown in 
the graph on this page. In this par- 
ticular group, mean survival times were 
significantly shorter in the mice that 
showed infection with Pseudomonas or 


* The contributions of our laboratory to 
this section were supported in part by a 
grant from the Armed Forces Special 
Weapons Project. 


E. coli in blood or spleen than in non- 
infected mice, but survival times were 
not affected by a-Streptococcus infec- 
tion (29). 

Response to routine antibiotic treat- 
ment varies not only between species 
but from one experimental group to 
another. Infection accounts for a 
large proportion of the deaths in mice 
following radiation in doses up to 
approximately 100% lethal if the best 
results with streptomycin are used as 
a basis for the estimate (30, 31). On 
the other hand, some groups fail to 
and in occasional groups 
has been actually higher in 
than in untreated 


respond 
mortality 
antibiotic-treated 
mice (31, 32). 
Table 3 the reduction in 
mortality and in blood cultures posi- 
tive for three organisms injected into 
mice after just sublethal radiation 
and treatment with streptomycin (24). 
The treatment was completely effec- 
tive in the mice infected with Staph. 
aureus, and ineffective in those given 
In those given Proteus, 


shows 


Pseudomonas. 
there was some reduction in mortality 
but a greater reduction in the number 
showing the organism in the blood 
stream. Even when streptomycin re- 
duces the degree of infection to the 
extent that no organisms are cultured 
from heart blood or spleen at death, the 
otherwise sublethally irradiated mouse 
may still die. 

Results of routine antibiotic treat- 
ment seem to depend upon a complex 
interaction between specific antibiotic 
effect the remaining defense 
mechanisms of the body. Experimen- 
tal work with animals certainly sub- 
stantiates the that antibiotics 
will be useful in treating postirradia- 
tion infection by sensitive organisms. 
This has been recently shown for the 


and 


view 


action of penicillin against beta hemo- 
lytic streptocci septicemia in dogs 
given a 20% thermal burn and 100 
r X-ray (33). 

Results with dogs, guinea pigs, rats, 
and even mice given radiation in the 
lethal range have so often been dis- 
appointing that they lead one to 
question the general usefulness of 
routine antibiotic administration for 
preventing infection due to radiation 
uncomplicated by other trauma. 

A great advance in the prevention 
of postirradiation infection at the 
higher dose levels would be the induc- 
tion of an early recovery of the body’s 
natural defenses, such as that accom- 
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TABLE 2—Effect of Diet-Protein Con- 
tent on Radiation Mortality in Rats 
(16) 

No. of Mortality 
%) rats (%) 


Casein 


Diets before and after irradiation (450- 
550 r) 


35 63 5 
18 64 8 
tor 6 129 26 
Diets after irradiation only (600 r) 
60 25 16 
18 25 32 
6 2% 32 


TABLE 3—Mortality and Occurrence of Injected Organisms in Blood of 
Mice Irradiated with 475 r and Infected Subcutaneously 3 Days Later (25) 


No treatment 
Mortalityt Positive 
Organism 0. (%) 


Staph. aureus 91 
Proteus 91 
Pseudomonas 30 97 





Streptomycin treatment* 
Mortality Positive 


(%) No. (%) 


82 21 10 
91 22 64 
97 30 97 


* Streptomycin treatment 5 mg per mouse per day begun 6 hr after injection of organisms. 
t Mortality of nonirradiated infected controls 3 to 9%, and of noninfected irradiated 


controls 3 to 5%. 





plished by spleen or bone marrow 


transplants in experimental animals 


2 > 
v4, OO). 


Summary 

Moderate 
grees of stress, and no food or a poor 
diet for a short time can be well 
tolerated under laboratory conditions 
Extremes of 


exercise, moderate de- 


by the species studied. 
exercise or cold are not so well toler- 
ated, but the conditions 
imposed in the experiments are not 
likely to be encountered. 

The bleeding tendency does not 


extreme 


appear for several days and by then 
the environmental conditions should 
A high 
degree of susceptibility to infection, on 
the other hand, appears within a few 
days and may last for several weeks. 
With little assistance from the body’s 


be fairly well controlled. 


normal defense mechanisms, the con- 
trol of infection promises to be an 
extremely difficult task, but one which 
is of the utmost importance in post- 
irradiation prophylaxis and therapy. 
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WORLD PROGRESS IN ATOMIC ENERGY 


A DECADE has passed since the world's first 
reactor went into operation under the grand- 
stand of Stagg Field at the University of 
NUCLEONICS will commemorate this 


Chicago. 


next one. 


event next month with a special report on what 
17 countries have done in nucleonics during this 
decade and what they hope to do during the 
Watch for this report. 
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Relation of Film Characteristics 
to X- and Gamma-Ray Monitoring 


The laboratory seeking the benefits of photographic monitoring—low cost, 


permanence of record, convenience—must also consider the variables affecting 


the consistency of results. 


Sensitivity of the film to the quality of 


radiation and processing techniques are the most important of these factors 


By G. M. CORNEY 
Research Laboratories 
Eastman Kodak Company 
Rochester, New York 


IN THE PHOTOGRAPHIC MONITORING of 
X- or gamma rays, an estimate of the 
dosage received depends upon a meas- 
urement of the photographic density 
This density, in 
One, 


of a processed film. 
turn, depends upon two factors. 
inherent in the photographic material 
itself, is the variation of sensitivity 
of the film with the quality of the 
The other is the 
processing procedure, under the con- 
trol of the operator. 


exposing radiation. 


Sensitivity Considerations 


By themselves, photographic films 
the 
They must be 


cannot give a measurement of 
quantity of radiation. 
suitably calibrated so that the observed 
densities can be interpreted in terms of 
roentgens. This, in turn, implies a 
knowledge of the radiation quality to 
which the monitoring films have been 
exposed. In most practical cases, the 
radiation quality is known or may be 
determined with sufficient accuracy for 
monitoring purposes, 

the material 
exposing films to known quantities of 
radiation of suitable quality, and 
developing these films along with the 
monitoring films. By reading the 
developed densities on the calibration 
films, the densities on the monitoring 
films may be interpreted in roentgens. 


84 


Calibrating involves 


Wavelength dependence. The X- 
and gamma-ray wavelength response 
curve for monitoring films has been 
determined by a number of workers 
with the 
(1-10). Such a curve for a typical 
film, in this case, Kodak Blue Brand 
X-Ray Film, is shown in Fig. 1 (8). 

The number of roentgens required 


essentially same results 


to produce a density of 1.0 is plotted 
against the voltage applied to a tung- 
sten-target X-ray tube. By “light 
filtration” is meant only the inherent 
filtration of the X-ray tube plus, in 
about 1 
aluminum. “Heavy filtration’? means 
that filtration added until the 
X-ray intensity was the minimum that 
could be conveniently used. Filtra- 
tion ranged from 0.05 mm of copper 
for 20-kv radiation to 14 mm of copper 
for 220-kv radiation and 1.5 mm of 
lead for 385-kv radiation. 

In other words, “‘light filtration” 
implies a wide range of wavelengths 
“heavy filtration’’ implies as 
narrow a band be obtained 
conveniently by filtration. These are 
essentially reciprocal sensitivity curves. 
The range from maximum to mini- 
mum—a factor of about 20—and the 
differences between the curves for 
light and heavy filtration indicate the 
large dependence of film response upon 
radiation quality. 

The variation of film response with 
radiation quality calls for a carefully 
considered choice of calibrating radia- 
tions. By and large, workers are 
exposed to scattered and stray radia- 


some cases, millimeter of 


was 


’ 


and 
as can 


tion rather than to direct radiation 
The calibration, on the other hand, is 
most easily done with direct radiation. 
The aim is to set up conditions under 
which the radiation received by the 
personnel will not be undervalued. 
Consider, for instance, medical diag- 
nostic radiography. It has been found 
that, in this field, exposure to per- 
sonnel is largely scatter from the 
patient being radiographed, and the 
quality of the radiation is essentially 
similar to that of the primary radia- 
tion. The voltage used falls 
at or near the minimum of the “‘light- 
filtration’’ curve in a range over which 
the film sensitivity does not vary more 
than 10%. Therefore, any conveni- 
ent tube voltage in the medical range 
can be used to expose calibration films. 
On the other hand, consider a 250- 
kvp industrial X-ray unit. If it is 
an enclosed unit, exposure of personnel 
assuming the regularly accepted 
safety procedures are followed—will 
be to the radiation transmitted by the 
protective barrier. In this 
calibration based on films exposed to 
the heavily filtered primary radiation 
will evaluate the exposure to personnel 
satisfactorily. If it is an open installa- 
tion, as in a boiler or welding shop, 
exposure to personnel will be a com- 
bination of primary filtered 
through a protective shield and a 
small proportion of scatter from the 
object being radiographed. Films cali- 
brated with the heavily filtered primary 
rays will evaluate the radiation trans- 
mitted through the protective barrier 
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FIG. 1. 
X-ray tube voltage. 


Kodak Rapid X-Ray Developer at 68° F. 


correctly and will overvalue the scat- 
tered radiation, thus making any error 
in the direction of increased safety. 

Considerable work has been done 
on the idea of placing absorbers over 
the film. These absorbers will selec- 
tively decrease its sensitivity at the 
lower kilovoltages and thus decrease 
the variation in sensitivity 
(8, 5, 8-10), or they will enable the 
photographie effects of the radiation 
from various wavelength ranges to be 
separated and evaluated separately 
(11-13). Such methods result in a 
considerably more uniform wavelength 
response than that of the film alone. 
However, a clear idea of the limitations 
of «a particular filtration technique 
should be obtained before it is applied 
to practical monitoring procedures. 

In no event, however, can a filter 
be counted upon to compensate en- 
tirely for the wavelength dependence 
of the film over the whole range of 
radiation qualities. 

The angle at which the radiation 
strikes the filter governs its effective 
thickness, which, in turn, affects the 
quality of radiation reaching the film, 
with a consequent effect on the wave- 
length response. This is particularly 
important when film badges are worn 


over-all 


on the person. 

Perhaps the best that can be done 
is to choose filter thicknesses such that, 
when filter-film combinations are cali- 
brated with normally incident radia- 
tion, the radiations incident at other 
angles are overvalued rather than 
undervalued. 
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Roentgens required to produce a density of 1.0 as a function of 
Kodak Blue Brand X-Ray Film developed 5 minutes in 


(Courtesy of Radiology) 


Speed. This is the other important 
inherent property of a photographic 
material that must be considered in 
radiation monitoring. By “speed of 


a film’ is meant the reciprocal of the , 


exposure in roentgens or other suitable 
units required to produce a given 
density under specified processing 
conditions. The effective speed of a 
film may be varied by changing the 
developing conditions, but, in general, 
it is best to standardize on one develop- 
ment—say, 5 minutes at 68° F in one 
of the commercially available X-ray 
developers. 

Since all photographie materials are 
sensitive to X- and gamma radiation 
(8-10, 14), films other than those 
named in the literature may occasion- 
ally be used. It should be remem- 
bered, however, that visible-light speed 
is not an indication of gamma or X-ray 
speed. When choosing film, one must 





Kodak Rapid 
X-Roy Developer 


rrr rs) TT 


An 


5 


rt rf i 


i 
008 oO! 








L rl 
ace 0.04 


° 


i 
0.06 








Roentgens (iOOkv X-rays) 





FIG. 3. Density vs exposure curves for 
Kodak No-Screen X-Ray Film developed 
for various times. Density range over 
which a linear relation exists depends upon 
development 
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FIG. 2. Characteristic curves of a typi- 
cal X-ray film (Kodak No-Screen X-Ray 
Film) developed for various times 


also consider the safelights under which 
processing will be done and the film’s 
durability under handling. 


Processing Considerations 


If calibration films can be developed 
with each batch of monitoring films, 
many difficulties due to errors in 
processing will be avoided. However, 
if, by the nature of the operation, 
calibration films can be used only 
occasionally or not at all, extreme care 
must be exercised in maintaining con- 
stant all of the developing conditions. 

It is safe to say that the most im- 
portant requirement in quantitative 
measurements of radiation by means 
of photography is the processing of 
the exposed film. The degree of 
development, and hence the density 
obtained, depends on the time of 
development, the temperature of the 
developer, its degree of exhaustion, and 
the amount of agitation. The effects 
of these factors, if unrecognized, may 
lead to serious positive or negative 
errors in photographic dosimetry. 

The curves shown in Figs. 2-6 are 
not intended as correction curves, but 
merely indicate the magnitude and 
direction of errors associated with 
departures from norma! development 
conditions. 

Figure 2 shows a group of charac- 
teristic curves of a typical X-ray film. 
The curve shape is typical of many of 
the films used in radiation monitoring. 
Such a curve of density vs log relative 
exposure is that most widely used to 
represent the exposure response of 
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ment time 


Effect of errors in develop- 


FIG. 5. Effect of errors in develop- 
ment temperature 


FIG. 6. Effect of exhaustion of de- 
veloper 





photographic materials. When the 
exposure is to X- or gamma rays, the 
abscissa values may be expressed in 
log roentgens, as in Fig. 2. The curve 
shape is independent, for practical 
purposes, of the wavelength of the 
exposing X- or gamma rays. 

Many films, particularly direct- 
exposure X-ray films, have a linear 
relation between density and exposure 
over a limited density range (Fig. 3). 
Such a linear relation, if it is known 
to exist, may decrease the arithmetical 
work involved in radiation monitoring. 
However, before using such a relation- 
ship, preliminary tests should be made, 
since the degree of approximation to a 
straight line and the range of density 
function 
both of the photographic material and 
of the development technique (15, 16). 

Figures 2 and 3 show the results ob- 
tained when Kodak No-Screen X-Ray 
Film is developed for times of 3, 5, and 
7 minutes in a typical X-ray developer 
for the normal development 
minutes. Note that the 
characteristic curve becomes slightly 
steeper and shifts to the left as develop- 


over which it exists are a 


which 


time is 5 


ment is increased. 

Figure 4 shows the magnitude of the 
that 
are introduced by errors in develop- 
The 
based on exposures which would give 
densities of 1.0 and of 2.0 if the film 
were given normal development, i.e., 


errors in dosage measurement 


ment time. errors shown are 


5-minute development in fresh devel- 
oper at 68° F. 


dosage measurement produced by an 


Not only is an error in 


error in development time, but the 
magnitude of the error depends upon 
the Therefore, single 
correction factor can be applied to 


density. no 
adjust results to a standard develop- 
time. The uncertainty 
by assuming a straight-line 


ment intro- 


duced 
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relationship between density and ex- 
posure over the full density range 
would be even greater. 

Changes in characteristic-curve 
shape and location similar to those 
caused by changes in development time 
are produced by changes in the devel- 
opment temperature. Figure 5 shows 
the magnitude of the errors in dos- 
age measurement introduced. Inci- 
dentally, it is a good idea to run 
calibration films with the first batch of 
monitoring films processed after one 
has broken the darkroom thermometer 
and replaced it with a new one! 

As a its 
tivity decreases because the developing 


developer is used, ac- 
agents are being depleted and concen- 
tration of reaction products is increas- 
ing. the 
encountered as the developer is pro- 
In the 
shown, the films were exposed to a 


Figure 6 shows variation 


gressively exhausted. case 
relatively low density, and the devel- 
oper carried out of the tank by the 
film was replaced with fresh developer. 
It is difficult to give quantitative data 
on the effects of exhaustion, since they 
depend on the average density of the 
developed film, the carry-out of de- 
veloper by the processed films and 
their hangers, and the manner in which 
this loss of developer is replaced— 
whether by fresh developer or by a 


An 


factor to consider is that developers 


replenishing solution. additional 


standing in 
without 


deteriorate upon open 


The 


errors in dosage measurement, there- 


containers, even use, 
fore, may be greater or less than those 
shown here. 

During development, the reaction 
products of development diffuse out 


of the emulsion layer and, in still 


development, produce a layer of 
partially exhausted developer at the 


film surface. Agitation of films or of 


developer during development will 
tend to sweep away this surface layer 
and allow fresh developer access to 
the film surface. Continuous agita- 
tion is not necessary—10 seconds’ hand 
agitation by shaking, moving, or lifting 
the film hangers every minute during 
development is usually satisfactory. 
Agitation should be such as to produce 
turbulent, rather than streamline, flow. 

Although this of 
necessity, dealt with the precautions 
required in film monitoring of radia- 
tion, it should not be overlooked that 


discussion © has, 


the photographic method is inexpen- 
The equipment 
which must be carried by personnel is 


sive and convenient. 


small, light, and can be made very 
The record of the exposure 
By proper 
consideration of the requirements of 
the individual cases, film monitoring 
can often give quantitative results. 


rugged. 


received is permanent. 


* 7 * 


This article is based on a paper presented 
before the Radiation American 
Industrial Hygiene Association, Cincinnati, 
Ohio, April 24, 1962 
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Evaluation of Alpha-Particle 
Absorption by Filter Paper 


Protection of workers requires air monitoring when uranium is used. Absorption 


by the sample-collecting filter makes a 30% correction necessary in counting 


By JOHN S. ALERCIO 

and JOHN H. HARLEY 

Health and Safety Division 

New York Operations Office 

U.S. Atomic Energy Commission 
New York, New York 


BECAUSE OF THE POSSIBLE HAZARD 
from inhaled uranium compounds, 
the Health and Safety Division of the 
New York Operations Office and its 
contractors routinely monitor the air 
of uranium processing plants. Sam- 
ples are taken on 14¢ in. Whatmaa No. 
the uranium 
content of these papers can be deter- 


$1 papers, and while 


mined chemically, a counting pro- 
cedure is more rapid and economical. 

The preferred maximum level of 50 
pg/m'® of air shown to be 
equivalent to 70 dpm/m*. With low- 
background alpha scintillation counters 
having a efficiency of 
40%, the 70 dpm should yield a net 
count of about 30 cpm. In practice, 


approximately 70% of this count is 


can be 


geometrical 


realized. The difference has been 
assumed to be due to absorption of 
the alpha particles by the filter paper. 


Experimental Procedure 


The experimental work for this paper 
was designed to evaluate the alpha 
absorption by comparison of counting 
and chemical analyses on actual plant 
samples. Routine samples are counted 
to a precision of +20% at the 90% 
confidence level. The samples for this 
study were counted to approximately 
+1% precision. 

The procedure followed was simple. 
After analysis by counting, the samples 
were ashed in platinum crucibles, the 
residue dissolved, and the solution 
analyzed fluorimetrically. 

The desired relationship was ob- 
tained by determining the slope of the 
line comparing cpm per sample with 
micrograms of uranium per sample, 
using the method of least squares. 
The absorption may then be obtained 
by converting cpm to micrograms of 





Results on Absorption of Uranium-Sample Alpha Particles by Filter Paper 


Number of 


Compound samples 


Micrograms of 
uranium 


Relative 
Absorption standard 
(%) deviation (%) 





U,0; 21 


0.2-12 


41 24 


27 20-—1,800 27 19 
48 All samples 27 23 


23 2-250 37 21 
13 250-1,100 20 14 
11 over 1,100 15 11 
50 All samples 28 i8 


UO.F; 32 


3-500 42 28 
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uranium on the basis of counter 
geometry and the 50/70 equivalence. 

Two insoluble uranium compounds, 
U;05 and UF,, and the gas UF, were 
tested. The UF, hydrolyzes rapidly 
with the moisture of the air to form 
UO:F:, which is collected on the paper 
as a finely divided mist. 

The range of uranium concentra- 
tions was selected to vary from a 
fraction of a microgram to over a 
milligram of uranium per sample. 
Where possible, least-square lines were 
calculated for sections of the curve 
as well as for the total. The results 
are shown in the table. 


Conclusions 


Dust or mist penetration. The loss 
in efficiency of the counting procedure 
is apparently due to the penetration 
of the paper by the dust or mist. 

Mist vs solids. The penetration of 
the paper by mist is more marked than 
that by the solid uranium compounds. 

Relative absorption. The relative 
penetration, and consequent alpha 
absorption, decreases as the amount 
of dust collected on the paper increases. 

Self-absorption. No evidence of 
self-absorption by the uranium or inert 
dusts was found. This is not unex- 
pected, as the amount of dust required 
for complete absorption would be about 
35 mg per paper. This amount is 
never approached in practice. 

Absorption factor. The use of an 
over-all correction factor of 30% for 
absorption is justified for routine 


counting. 
* * * 

This article is based on a paper presented 
before the Radiation Division, American I n- 
dustrial Hygiene Association, Cincinnati, 
Ohio, April 24, 19652. 
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CROSS SECTIONS 


FIG. 1. 





AB = 0.239 cm 
GH = 0.174 cm 
GT = 0.107 cm 
GL* 0.026 cm 


0.031! cm— 





Geometrical conditions used for determining radiation dose to male gonad 


Calculation of Radiation Doses 
to P’-Labeled Male D. melanogaster 


By R. C. KING 
Biology De par iment 
Brookhaven National Laboratory 


l ptor Vew York 


One difficulty encountered in studies 
effects 
phosphorus pertains to the calculation 


of biological involving radio- 
of the amount of ionization in tissue 
produced by the P*? electrons originat- 
ing from decaying P*? atoms within 
tissue. This article describes the 
method used in calculating the geo- 
metrical factor necessary for determin- 
ing the radiation dose absorbed by the 
gonad of the male of Drosophila 
melanogaster 

Consider a model of a male fruitfly 
consisting of three spheres of water 
equal in weight to the head, thorax 


Table 1). The 


average weights of the three regions 


and abdomen (see 


were obtained by weighing separately 
the heads, thoraxes and abdomens of 
30 males and averaging the results. 


Assuming that radiophosphorus atoms 
are distributed in a 
fashion in each sphere, the mean path, 


homogeneous 


Pm, of an electron leaving a sphere will 
be 34 the radius of the sphere (1). 
This that the 
travelling in a straight 
such an assumption is 
follows from the fact that the values 
for pm in the table are all less than 
0.095 The length of the path 
of an electron of a given energy which 


assumes particle is 
That 


warranted 


line. 


em. 


is traversed before the electron may be 





Properties of Body Regions 
Radius 
of 
Body Weight sphere 


region (mg) (cm) pm(em) Fa 


0.0311 
0.0410 
0.0494 
0.0604 


0.0233 0.086 
0.0308 0.113 
0.0371 0.139 
0.0453 0.165 


Head 
Thorax 
Abdomen 
Total 


0.126 
0.289 
0.505 
0.920 





ABs 0.244 cm 
GHe O.177em 
GT = 0120cm 
GL* 0.026cm 


iH 





considered to be wandering about in a 


random fashion is defined as &p. 
Zumwalt has calculated the value of 
8p for P* radiations to be 142 mg/cm? 
The actual average 
penetration of a the 
straight part of its path is at least 
Equations 


in aluminum (2). 
P*? electron in 


2¢8p, or 0.095 cm in water. 
for the geometrical factors giving the 
fraction of the energy dissipated by 
electrons from an internally decaying 
absorbed in 


radioisotope which is 


various regions of a sphere are (3). 
Fs = 
Fe = 


— ¢g-aoP= 


1 
l 
2ax — | 


Fs = Jax 

where F, gives a factor for the average 
absorption in the sphere, Fe is the 
factor for the center of the sphere, F's 
the factor for the surface of the sphere, 
z is the radius of the sphere in cm, and 
a, the mass absorption coefficient, is 
equal to u/y. The apparent absorp- 
tion coefficient, u, is equal to 4 em*/gm 
(4) and the density, y, is 1 gm/em*, 
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Studies on the distribution in tissue of 
labelled phosphorus assimilated during 
a 24-hour period by freshly hatched 
male fruit flies have demonstrated that 
the head, thorax and abdomen of the 
flies contain 9.7%, 33.1% and 57.2% 
respectively of the total P**. From 
these data and the F, values already 
determined, one can calculate that 
0.84%, 3.74% and 7.97 % of the energy 
dissipated by beta particles produced 
from disintegrating P** within the male 
is absorbed in the head, thorax and 
abdomen respectively. Therefore, the 
total absorption amounts to 12.55%. 

Figure 1 shows the geometrical con- 
ditions used for determining the radia- 
tion dose to the testis itself. It can 
be seen that spheres of water equal in 
weight to the three body divisions do 
form fairly good approximations of the 
actual conditions. The abdomen is 
more like an oblate spheroid than a 
sphere, but Lind (1) has concluded 
from the use of graphical methods that 
the average path of a particle in 
a cylindrical figure (in which the 
length does not exceed the diameter 
by more than a few fold) is approxi- 
mately equal to the average path of the 
particle in a sphere of equal volume. 

Caleulation of Fr, the geometrical 
factor giving the radiation dose at the 
testes, is made possible through cal- 
culations by Rossi and Ellis (4, 5) from 
which a graphical representation is 
the relation of dose as a 
function of distance from the center of 
spheres having various 
radii. Let GL be the radius of a sphere 
intercepting the central portion of the 
testicular tissue, where the point G 
lies in the center of the helically coiled 
region of the testis. Then GH, GT 
and GL will give the distances from 
the center of the head, thorax and 
abdominal spheres to point G. These 
distances and the values for the radii 
of the three spheres are converted into 
multiples of 1/m (i.e. 0.25). The dis- 
tances GH, GT and GL are read off 
on the z-axis, the appropriate curve 
chosen for the sphere in question, and 
the factor for the dose to the gonad 
read off on the y-axis. Fr is then given 
by the product of this value and the 
decimal describing the fraction of the 
total activity of the fly in that sphere. 

After the calculations were carried 
out it became apparent that the radia- 
tion contributed to the testes by the 
head and thorax spheres is roughly 
l4q that contributed by the abdomen. 
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made of 


radioactive 


It is therefore so small as to be negligi- 
ble. Figure 2 gives the dose factor at 
all points between the center and the 
surface of the abdominal sphere. Fr 
will equal the product of the dose factor 
chosen and 0.572. Calculation shows 
Fr to equal 0.0955. 

These calculations, although very 
crude, seem justifiable as a beginning. 
The consideration of the abdomen as a 





Distance to center of 





rN 4 " L 





o12 ois 
Dose per total energy 











FIG. 2. Dose factor to all points between 
center and surface of abdominal sphere 


sphere of water containing P* dis- 
tributed homogeneously seems espe- 
cially attractive, since under the 
experimental -conditions described it 
can be demonstrated that the abdom- 
inal haemolymph contains 62% of the 
total P* in the abdomen, 


The calculated total absorption 
of beta-particle energy by the fly 
amounted to 12.55%. Ignition of 
male Drosophila at 600° C reduces the 
flies to a fine white ash and leads to a 
97-fold reduction in weight. Counts 
made with a restricted-atmosphere 
proportional counter are 9.5% higher 
than those counts determined for the 
same flies before ignition. One can 
conclude that the counting losses due 
to absorption are corrected in part by 
increases from back-scattering. 

The calculated absolute values for 
the radiation dose to the gonad can be 
checked in the case of Drosophila 
melanogaster. 

* >. + 

The author is indebted to Prof. D. F. 
Poulson and Dr. V. T. Bowen for their 
patient supervision of this work, and to 
D. W. Calhoun for valuable aid in the solution 
of certain mathemathical problems. Part of 
the research was carried out at BNL under 
AEC auspices, while the rest represents a 
portion of a dissertation presented for the 
degree of Ph.D. at Yale University during the 
tenure of a Public Health Service Pre 
doctorate-Bachelor Research Fellowship from 
the National Cancer Institute. 
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Vacuum Sealing Irradiation 


Containers by Cold Welding 


By P. B. AITKEN 

Chemistry Branch 

Atomic Energy of Canada Limited 
Chalk River, Ontario, Canada 


Cold pressure welding has been used 
at the Chalk River Project to seal 
capsules containing material for ir- 
radiation in the reactor.* A useful 
application of this technique is the 
method we have developed for sealing 
capsules in vacuum, or with special gas 
fillings. 


*P. B. Aitken, Rev. Sci. Instr., 22, 799 
(1951) 


The procedure is first to degrease 
the parts to be joined, remove the 
oxide layer with a steel wire brush, and 
then squeeze them together with a 
suitable press and die so as to reduce 
the thickness by about one half, when 
welding takes place. The method 
works well with commercial aluminum 
and copper, and particularly well with 
super-pure (99.99, %) aluminum. The 
latter is used for our capsules because 

+ Patents covering the use of this process 
have been taken out by the British General 
Electric Co.; Koldweld Corp. of New York, 
and General Engineering Co., of Toronto 


are licencees of the process in U. 8. and 
Canada. 

















Top plote of die set- 


m line~—- 


pper bellows-— — 


oats 


d weid dies — — 
e <= 


3g -— 


em dlldsmmry 























DIES AND ENCLOSURE for vacuum sealing 


it has a low residual activity after 
irradiation. 


The apparatus for vacuum sealing 


is shown in the illustration this 
page. It consists of a 10-ton labora- 
tory hydraulic press, on which are 
mounted the cold welding dies. Out- 
side the dies are copper bellows, at- 
tached to the top and bottom die 
plates and sealed together with flanges 
and an O-ring The 
together with the top and bottom 
plates form a vacuum-tight enclosure 
which is evacuated by a suitable 
pumping system through a 
diameter copper tube in the top (sta- 
tionary) plate. 

In use, the O-ring seal is broken and 
the dies moved apart. The capsule 
with sample, after cleaning, is placed 
in the die and the lid, 
cleaned, is placed in the springs which 
hold the lid about '4-in. clear of the 
capsule to allow easy flow of gas from 


on 


seal. bellows 


1o-1n. 


lower also 





the capsule during evacuation. The 
dies are then moved together until the 
sealing flanges meet and are bolted 
together; at this stage the dies are 
still }g-in. apart. The system is then 
evacuated. When the required 
vacuum has been reached, the capsule 
is sealed by application of necessary 
pressure. As the dies move together 
the lid is pushed out of the spring clips 
and onto the capsule flange and sealed. 

A vacuum of 10~-* mm Hg is readily 
obtained with this equipment, and 
there has been no evidence of leakage. 
Space was allowed in the design for 
installation of heaters should they 
be required for quickly outgassing 
the capsule before sealing. Test cap- 
sules sealed by cold welding normally 
withstand 500 |b/in.* internal pressure 
before bursting. 
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FIG. 1. Snare-type handling device 


FIG. 2. Special hinge for snare-type handling device 


Snare-Type Handling Device 


By J. R. FARMAKES* 

Radioisotope Development Department 
Oak Ridge National Laboratory 

Oak Ridge, Tennessee 


Most of the operations involving 
adioactive materials require the use 
of remotely controlled devices that 
are not generally available. One of 
the most common tasks is the handling 
of cylindrical containers behind shield- 
ing barricades or inside shielded cells. 
It is extremely important that these 
operations be done safely and precisely. 


* Present Appress: Chemical Engineer- 
ing Division, Argonne National Laboratory, 
Chicago, Ill. 
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A dropped container can be hazardous 
to personnel and costly from the stand- 
point of spilled products and the 
necessity of decontaminating the 
equipment. 

A survey of tongs available at this 
site revealed that for certain manipula- 
tions the known devices had one or 
more of the following disadvantages: 
(1) complex mechanisms, fragility, and 
poor reliability ; (2) high cost of fabrica- 
tion, maintenance, and repair; (3) 
excessive weight and clumsy operation; 
(4) poor decontaminability; (5) in- 
secure gripping of containers: and (6) 
tong finger pressures too high and 
unbalanced. 

To overcome these disadvantages, 


the unit shown in Fig. 1 was designed 
and fabricated for handling 200-ml 
bottles behind a 6-ft-high lead barrier. 
This tool is simple, lightweight, and 
therefore easy to handle. Also, the 
cost of materials and fabrication is 
low. The stainless-steel snare exerts 
uniformly distributed pressures on the 
contact surface of the container and 
provides a very firm and safe grip. 
Most of the elements of the unit can be 
easily decontaminated; where this is 
not possible, the parts can be replaced 
economically. 

With simple changes in design, this 
tool can be made to handle other sizes 
of containers and to work over or 
around various types of barricades and 
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here’s a simple device 
to locate 


a vacuum leak 


NEW DPi 
LEAK DETECTOR 


MODEL LD-O1 


All you do is connect the sensitive element to the system being 
tested and bring the interior to moderate vacuum (0.1 to 300 mm 
Hg). Then you direct a small jet of harmless Freon Gas at suspected 
spots and watch the meter. It’s as simple as that, and sensitivity 
is high enough even where one-millionth of atmospheric pressure 
is to be maintained. 

It works like this: The sensitive element contains a heated plati- 
num anode and a cold cathode with relatively low voltage between 
them. The formation of positive ions in the presence of hot plati- 
num is enormously stimulated by infinitesimal traces of halogens 
or their compounds. The circuit to accomplish all this uses stand- 
ard radio tubes and operates from your 115-v a-c lighting circuit. 

For full information, write Distillation Products Industries, 
Vacuum Equipment Department, 781 Ridge Road West, Rochester 
3, N. Y. (Division of Eastman Kodak Company). 
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THIS NEW BOOKLET 
TELLS WHY 


“> WHEN IT’S A 
Sanborn Recording System 


By means of pert illustrations 
and pertinent text, this 16-page booklet 
tells why so many engineers in research 
and in industry are choosing SANBORN 
Recording Systems for immediate, 
permanent, and accurate recording of 
a wide variety of electrical and 
mechanical phenomena. 
Whatever your recording problem, 
you will find it worth your while 
to know more about SANBORN via 
this new booklet. 


For your copy, simply fill 
in and mail the convenient 
coupon below. 


f 7 advantage’, 


ea copy? igi Users 


€ indus 


please sen «ders fo 


of sanbo™ _ 

NAME— 

TITLE— 
COMPANY ——~ 


appRess—— 


CAMBRIDGE 39 MASSACHUSETTS 
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| safety 
| should have a flange at the top edge. 


SANBORN co 


through slotted openings. Some of its 
limitations are: (1) the top of the 
container must be accessible; (2) with- 
out redesign of the actuating lever, 
large variations in loop diameter are 
impossible; and (3) for maximum 
in gripping, the containers 


For the more specialized problem 
involving the handling of containers 
inside a shielded cell, a common pro- 
cedure is to use tongs through a slot. 
This introduces radiation hazards, 
especially with high levels of radio- 
activity. If the tongs are inserted 
through a ball and socket joint to 
overcome this, a vertical position 
cannot be maintained to lift a con- 
tainer in or out of a carrier or other 
shield. 

The special hinge that is shown in 
Fig. 2 maintains the vertical position 
with the snare described here and still 


Colloidal Chromic 
in High Yields for 


By M. E. MORTON 
Radioisotope Unit 

Veterans Administration Hospital 
Long Beach, California* 


Interest is increasing in the use of 
colloids of radioactive materials in 
the therapy of neoplasms. Hahn and 
co-workers (1, 2, 3) have used Au'®* in 
colloidal form in interstitial, intra- 
peritoneal and intravenous routes of 
administration. However, Jones and 
co-workers (4) as early as 1944 demon- 
strated the use of P*? in a chemically 
inert colloidal form, chromic 
phate, for the irradiation of tissues of 
the reticuloendothelial system. This 
substance was also used interstitially 
in mice (5) in therapy of mammary 
adenocarcinoma with apparent good 
results. 

Radioactive phosphorus, with its 
half-life of 14.3 days and its disintegra- 
tion via emission of beta rays with a 


phos- 


maximum energy of 1.7 Mev, seems 
to have many advantages over radio- 
active gold. First, radioactive phos- 


* Also, Department of Biophysics, School 
of Medicine, University of California, Los 
Angeles, Calif. 


provides for adequate snielding. The 
hinge axis is located on the center line 
of the cable that is carried in the 
horizontal arm at the point of inter- 
section with the center line of the cable 
in the vertical arm. The two sections 
of the cable are tangential to the pulley 
and in contact with it over 90-degrees. 

In normal use, this arrangement of 
hinge and pulley results in the exertion 
of minimum moments on the lower 
arm. The moment developed by cable 
tension required to grip a container is 
essentially zero when the two arms 
are at right angles. For other angles, 
the combined weights of the lower arm 
and a very small load are more than 
sufficient to offset the tendency to 
cause deflection of the lower arm from 
vertical. A 10-lb cable pull causes 
practically no deflection of the lower 
arm when holding an empty 200-ml 
bottle. 


Radiophosphate 


Radiotherapy 


phorus is essentially a pure beta emitter 
(6); hence, handling is more simple 
and safe than. with radioactive gold. 
Au'®* decays with a 2.7-day half-life 
emitting 0.95 Mev beta rays accom- 
panied by 0.74 Mev gamma rays (7). 
The gamma rays of radioactive gold 
contribute little or not at all to the 
irradiation of the tissues under treat- 
ment but do constitute a distinct 
radiological hazard to the physician 
and other personnel handling the 
Au’. Another disadvantage of Au'®* 
colloids is the short half-life of the 
radioisotope. Since preparation of the 
colloid takes some time, the additional 
time necessary in shipping the colloid 
to distant centers for therapeutic use 
results in losses of much of the original 
material simply through radioactive 
decay. 

Radioactive phosphorus, on the 
other hand, does not suffer the dis- 
advantage of rapid radioactive decay. 
Its longer half-life permits preparation 
of the colloidal chromic phosphate and 
storage for use as needed. Because 
of the longer half-life of P**, consider- 
ably smaller doses than in the case of 
Au’, (1¢ to Mo) in terms of milli- 
curies, are equivalent in total ionizing 
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"Tue exTRAORDINARILY HIGH VALUES of am- 
plification obtainable from RCA Multiplier 
Phototubes make them particularly appli- 
cable to the detection and measurement of 
low levels of illumination. Coupled with 
suitable phosphors, these tubes may also be 
used for detecting and measuring nuclear 
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*Ultro-violet equivolent noise input in wotts ot 2537 Angstroms. 

tMeosured with 2870°K light source and 100 volts per dynode stage. 

tMeosured with 2870°K light source and 166.7 volts on first and 83.3 
volts on each succeeding stoge. 


THE FOUNTAINHEAD OF MODERN TUBE DEVELOPMENT IS RCA 


RCA Multiplier Phototubes 


for low-level detection and measurement 


RCA-6199, alsoa head-on type, is particularly 
suitable for portable scintillation counters. It 
features a flat face and small size. Like the 
5819, it has maximum response at about 4000 
angstroms, has high sensitivity to blue-rich 
light and negligible sensitivity to red. 


, RCA-6217 is especially useful in color 
$, spectrometers, color compara- 





particle radiation. The secondary-emission 
multiplier stages employed in these tubes 
make possible improved signal-to-noise ratio 
at very low illumination levels. 

RCA-5819 with its head-on photo-cathode 
of large diameter may be used in scintillation 
counters for the detection and measurement of 
nuclear particle radiation, and in other applica- 
tions involving low-level, large-area light sources. 
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tors, and other applications calling for good 
red sensitivity. 

RCA-931-A is the preferred type for high- 
volume, low-cost applications. 

RCA-1 P21 now has superior signal-to-noise 
ratio. It is especially desirable for photoelectric 
spectrometers, astronomical telescopes, and 
scintillation counters using “light piping.” 


ELECTRON TUBES 


RCA-1P22 is especially useful in colorimetry 
and spectroscopy because its spectra! response 
covers the same range as that of the eye. 

RCA-1P28 has an envelope of special glass 
which transmits ultraviolet radiation down to 
about 2000 angstroms. This feature makes it 
useful in specialized industrial and scientific 
applications such as spectrophotometry. 

For further information on RCA Multiplicr 
Phototubes write RCA, Commercial Engineer- 
ing, Section KR62, Harrison, N. J., or contact 
your nearest RCA Field Office. 
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{radiation ultimately delivered. , These 
| Teasons, as well as the finding (4) that 
|its longer half-life allows colloidal 
| chromic radiophosphate to accumulate 
jin regional lymph nodes in amounts 
| sufficient to produce significant irradia- 
‘tion, indicate this radioactive mate- 
‘rial may displace Au! colloids in 
| radiotherapy. 


Preparation 


Published methods (4) for prepara- 
tion of colloidal chromic radiophos- 
phate result in considerable losses 
with a final yield approximating only 
about 25%. It is the purpose of this 
communication to present a method 
giving a nearly 100% yield of a colloidal 
suspension of chromic phosphate, cal- 
culated on the basis of the P** used, 
with particles in size ranges from 
10 my to 2y. 

The major losses in previous meth- 
ods of preparation of colloidal chromic 
radiophosphorus were due to incom- 
pleteness of precipitation, losses in 
utensils, and in the washing of the 
precipitate of hydrated CrPO, crystals. 
Since a single container is used in the 
entire process and precipitation pro- 
cedures are made unnecessary through 
use of stoichiometric amounts of re- 
agents, such losses are prevented. 

Method. The following method is 
used in preparation: 

1. Prepare an approximately 0.1M 
|phosphoric acid solution and titrate 
| with standard sodium hydroxide to the 
phenolphthalein end point. 

2. Prepare an approximately 0.1M 
| chromic nitrate solution and standard- 
ize with persulfate iodimetry. 

3. To a 60-ml Pyrex bottle with 
ground-glass stopper add 1.95 « 10~* 
moles of the standardized phosphoric 
acid solution. 

4. Add the radioactive phosphorus 
as received from Oak Ridge (in acid 
solution). Mix, and add 2.00 « 10-4 
moles of the standardized chromic 
nitrate solution. 

5. The mixture is then evaporated 
to dryness under an infra-red lamp. 
When drying is complete, the bottle 
is placed in a furnace and left over- 
night at 500° C. 

6. After cooling, the bottle is re- 
moved from the furnace and sufficient 
14-inch stainless-steel balls are added 
to make it one third full. Next 2.0 ml 
of pyrogen-free distilled water are 
|added. The bottle is then stoppered 
and placed on the rolls of a small ball 
mill. Grinding for 1 day results in 
particles less than 1 micron in diameter 


Cea ot ee on ate be | 
FIG. 1. Electron photomicrograph of par- 
ticles of chromic radiophosphate after one 
day of grinding 


FIG. 2. Electron photomicrograph of par- 
ticles of chromic radiophosphate after four 
days of grinding 


(Fig. 1). Continuous grinding for 2-3 
days produces particles as small as 10 
millimicrons in diameter as measured 
by the electron microscope (Fig. 2). 
Thus, particles of almost any desired 
size range can be made by varying 
grinding time. Samples with particles 
ranging in size from 20-150 my, when 
dialysed in Visking sausage skin for 
prolonged periods against tap water, 
show no loss of radioactive phosphorus. 

7. After autoclaving, dilution with 
sterile saline may be carried out. 
Hyaluronidase may be added to 
promote diffusion when interstitial 
injections are made. Epinephrine may 
be also used to produce local vasocon- 
striction. A suspending agent, such 
as gelatin, is necessary only for sus- 
pension of coarse particles, a micron or 
more in diameter. 


Therapeutic Evaluation 


Animal studies to be described else- 
where demonstrate the chemical inert- 
ness of colloidal chromic radiophos- 
phate prepared in the fashion described 


in this communication. In addition, 
in situ measurements of bremsstrah- 
lung or biopsies made after interstitial 
injection indicate negligible loss of 
radioactivity from the injected site, 
other than that due to the radioactive 
decay of P** and some migration to 
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HIGH VACUUM PUMPS 


MECHANICAL, OIL SEALED 


ay 


Almost without exception in the United States and in an in- 
creasing number of plants abroad, Kinney High Vacuum 
Pumps are standard equipment for exhausting lamps and 
tubes. They also provide low absolute pressures for sinter- 
ing alloy metals, coating lenses, refining rare metals and 
producing blood plasma, penicillin and other drugs. They 
are used effectively wherever a high vacuum pump can be 
applied including cyclotron evacuation, atom smashing, and 
condenser vacuum service in power plants. Over 10,000 in- 
stallations serve a wide variety of fields. 


The plungers in Kinney Vacuem Pumps have no contact 
with cylinder surfaces due to the unique method of auto- 
matic lubrication, resulting in a no-clearance pump of ex- 
tremely long life. Simple and efficient in design, these pumps 
have established an impressive record for dependability and 
low cost operation. 





ne deal 


SINGLE STAGE VACUUM PUMP 
MODELS VSD AND DVD 


Nine pump sizes cover a 
capacity range from 13 to 
1800 cu. ft. per min. with 
motors from % to 75 h.p., 
respectively. VSD Models are 
furnished either air or water 
cooled (except Model VSD 
556 — air cooled 

only). All DVD 

Models furnished 

water cooled only. 

Single Stage Pumps 

on a blank test pro- 

duce low absolute 
pressures of 10 microns (.01 mm Hg.) or better. 


Four sizes of Com- 
pound Pumps are 
available in capacities 
of 2, 4.9 (See New 
Pumps),"15.2, and 46 
cu. ft. per min., respec- 
tively. The working 
mechanism is similar to 
the Single Stage but 
the two cylinders are 
connected aa gee 
The Compound Pump 
has an air cooled casing of unique design and special pro- 
vision for oil sealing and lubricating the high vacuum work- 
ing parts. Both of these compound test to low abso- 
lute pressures of 0.5 micron (.0005 mm Hg.) or better. 


Compound Vacuum 
Pump 


These new Kinney Vacuum Pumps 
combine the advantages of small 
size and high pumping speed. Model 

CVM 3153 


ft. per Medel CVM 3534 

It weighs only 70 Ibs., complete with 

its % h.p. motor. ee rT ag gem 
Model has a displacement of 4.9 cu. ft. per 
Cwm 3188 min. Its weight: 140 Ibs. with % h.p. 
motor. Both pumps test to low absolute pressures of 0.2 
micron (.0002 mm Hg.) or better. 


KINNEY VACUUM VALVES — VACUUM OIL 
Kinney Vacuum Tight Valves facilitate testing vacuum instal- 
lations. Special metal bellows eliminate the leakage at the 
valve stem which occurs with ordinary valves having stuffing 
boxes. Three types of valves are available — cast steel, cast 
iron, and bronze. Write for Vacuum Tight Valves Bulletins. 


Ask for Kinney High Vacuum Pump Bulletin V51 


KINNEY MANUFACTURING COMPANY 
3614 WASHINGTON STREET, BOSTON 30, MASSACHUSETTS 


New York Cleveland 
Chicago Atlonta 
Detroit Philadelphia 


Pittsburgh 
Johnstown (Pa.) 
Los Angeles 


Charleston (W. Va.) Sen Francisco 
Houston Seattle 


New Orleans England / 
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regional lymph nodes. Also, after 
interstitial, intraperitoneal, intrapleu- 
ral, and intrapericardial injection no 
significant appearance of P*? in blood, 
liver, kidney, urine, spleen, \or bone 
marrow has been noted. ‘Phe material 
has advantages even in topical beta-ray 
therapy in that ointments containing 
the colloid are more readily removed 
from the skin following the irradiation 
period, leaving no residual contamina- 
tion as occurs when soluble phosphates 
are used. Data supporting these con- 
clusions will be reported in a later 
communication. 
+ . . 


Grateful acknowledgement is made to Carl 


| Buchhoiz, Lee Starrett, and Dean Gamble for 


technical assistance, and to Dr. R. Baker and 
Roger Moore for electron microscopy. The 
radiophosphorus used was supplied by Oak 
Ridge National Laboratory on authorization 
from Isotopes Division, U. S. Atomic Energy 
Commission. 
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Short-Lived Radioactivity; 
Correction for Long Counting Periods 


By ROBERT H. SCHULER 
Department of Chemistry 
Canisius College 

Buffalo, New Y ork 


In working with short-lived radio- 
activity such as the 40-sec isomers of 
silver, Ag'*?* and Ag'®**, and with 
moderately short-lived isotopes such 
as 18-min bromine, Br*, 
minute iodine, I'*, it 
becomes necessary to count the samples 


and 25- 
frequently 


over a period of time that is com- 
parable to the half-life of the isotope. 
This must be accumulate 
sufficient counts to give the measure- 


done to 


ment statistical significance. 

In the interpretation of the average 
counting rate obtained by this method 
of measurement, the exponential decay 
of the activity must be considered. 
As the counting rate varies over the 
course of the measurement, a correc- 
tion must be applied to the average 
rate when one refers to the instantane- 
ous rate at any particular time during 
the course of measurement. This 
problem arises since counters do not 
directly measure the instantaneous 
rate of the decay process but rather 
only integrate the rate over a period 
of time. The rate is then determined 
either arithmetically as an average in 
the case of scaling instruments or 


electronically in the case of rate meters. 
The integrated count is effectively 


te 
c= ff C, dt (1) 


where it is postulated that the radio- 
active decay process, which is dis- 


given by 


continuous and statistical, is described 
in the limit by the continuous function 
C,, the instantaneous counting rate at 
time t. In the case where the half-life 
of the decay is very long relative to 
the counting period, the instantaneous 
rate is substantially constant and the 
equation reduces to its usual form 


C=C,Al 
C, = C/At (2) 


However, in the case of short half- 
lives, the decay of the counting rate 
during the period of observation must 
be accounted for. By substituting 
the exponential law into the integral, 
the equation may be put in the form 


C = C,, At{Fo) (3) 


where C,, is the instantaneous counting 
rate at the start of the period of obser- 
vation, and [Fo] is a factor expressed 
by the relation 


(— In 2)*né 
Fo = > 
Vd Z @+ 1)! (4) 


t=0 
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n is the number of half-lives over 
the 


Ww here 


whicl count has been taken, i.e. 


n = At/ty (5) 
Except for extremely small values of n 
for which [Fo] is practically unity, the 

t converges slowly and 
makes computations laborious. 

An expression more easy to use is 
obtained if integrates the rate 
expression over a period of time from 
t— 14 At to t+ 144 At. In this case, 
calculates the instantaneous 
mean time of measurement, 


one 


whe re 
rate at the 
the expression becomes 

C = C,, MPa] (6) 


s given by 


1.00000 + 0.02002n? 


+ 0.00012n* + (7) 





s is seen to converge 
nee the first, third, and other 
For values 

less than three, the first three 
terms give an accuracy of better than 
one part in a thousand and for n less 


than unity, the accuracy is better than 


very 


' dd powers of n drop out. 


one part in ten thousand. 


From that if the 
counting period is less than one half- 


this, it is seen 


n 1) the ordinarily used Eq. 2 
1 to within 2% as long as the 
counting rate is taken at the mean 
time. For normal observations (n < 
the correction is seen to be negli- 

Since Eq. 7 is dependent only 
n, it 


life 


will ho 


is seen that, as long as the 
period is constant, the correc- 
may be neglected in 


counting 

factor [F.,] 
making the usual semilogarithmic plot 
employed in determining the half-life 
of a single radioactive species from 
decay The net effect 


here is only a vertical displacement of 


measurements. 


the curve by a constant value. 
In the ise 
to be made on species whose half-life 


where measurements are 


is not known, the method of successive 
yroximations can be conveniently 
used since the correction factor is not 


sensitive to the period of measurement. 


* + * 


The author wishes to acknowledge that 
William H. Hamill of the Uni- 
of Notre Dame originally pointed out 
of the validity of the mean count- 
extended counting periods on 


ved wotopes. 
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Annual Review of 
Nuclear Science, Vol. 1 (1952) 

Preparation sponsored by Committee on 
Nuclear Science of the National Research 
Council (Annual Reviews, Inc., Stanford, Calif., 
1952, ix + 645 pages, $6). Reviewed by 
E. Bretscuer, Head, Nuclear Physics Divi- 
sion, Atomic Energy Research Establish- 
ment, Harwell, England. 

One of the most urgent problems 
with which modern science is con- 
fronted emanates from the flood of 
scientific information that is a conse- 
quence of the expansion of scientific 
research connected with the discovery 
of fission and the possibility of making 
use of the vast energies released in 
nuclear transformations. 

The interest that government 
agencies have shown has provided large 
funds for research and, consequently, 
increased considerably the number of 
scientific workers. Such participation 
of the State has made possible such 
projects as big accelerators costing 
several million dollars; this was unheard 
of before the war and has permitted the 
carrying out of research into new and 
unexplored fields. 

At the same time, the subject matter, 
originally confined to the attention of a 
few physicists, has, through its impli- 
cations, attracted chemists, engineers, 
metallurgists, biochemists, biologists, 
sociologists, economists, and others. 
All this enormous 
brought despair to any true physicist 
who is not willing to restrict his 
attention to his own particular subject 
inside one of these fields, but who aims 
at what one would expect of a proper 
scientist, a broad and comprehensive 
view of the field as a whole. Many 
attempts are therefore made to present 
digests of the published literature, 
either as abstracts of papers or as 


expansion has 


reviews. 

The first volume of the “Annual 
Review of Nuclear Science,” just pub- 
lished, offers surveys of the 
progress made as it appeared in the 
scientific press during the year 1950. 
The usefulness of such an undertaking 
depends entirely on the lucidity and the 
mastery of the subject matter with 
which the author can present his 
survey. It is quite unsatisfactory to 
give only an account of individual 
papers; something much more difficult 
is required—a thoroughly digested 
absorption of the material published 
during the period under review and a 


such 


recast of it into such a shape that its 
relation with previous work becomes 
clear and that the advances during that 
period stand out. No hasty account 
dictated into a dictaphone can possibly 
suffice. The person most likely to 
succeed seems to be the scientist who is 
actively engaged in research in this par- 
ticular field. Here one point springs to 
the eye this volume is 
concerned: Concerning the section on 
physics, nearly all the authors are 
acknowledged leaders in their respec- 


insofar as 


tive fields. 

The volume with R. E. 
Marshak’s account (50 pages) of the 
present (1950!) state of Meson Physics. 
It is clearly written and apparently 


opens 


complete. 

The Recent Developments in the 
Theory of Nuclear Structure (E. 
For the experimental 


Feen- 
berg) follows. 
nuclear research worker, such a chapter 
is particularly important and valuable, 
since it concentrates and expresses in 
words what is often hidden in mathe- 
matical formulas in the original papers, 
and the experimental physicist does 
depend to a great degree on the didactic 
powers of the theoretical physicists, a 
gift extremely unevenly distributed 
among the theoreticians. 

The contribution on Nuclear Inter- 
actions of Cosmic Rays (R. V. Adams) 
is not, in my opinion, concentrated 
It reads too much 
a long series of 


enough (30 pages). 
like an account of 
individual papers and 
with details which are of secondary 


is overloaded 


importance only. 

An absolutely first-class contribution 
(30 pages), Energy Levels of Light 
Nuclei, comes from the California 
Institute of Technology, written by T. 
Lauritsen. Here is a manifest exam- 
ple of the ideal to be aimed at. Ina 
few pages of introduction, various 
methods by which excited states of 
nuclei can be located and sometimes 
spectroscopically identified are ex- 
plained. This is followed by a graphi- 
cal, and therefore concise, presentation 
of the excited states of the nuclei up to 
sodium-20, often exhibiting similar 
nuclei such as fluorine-20, neon-20 and 
sodium-20 on the same page to permit 
comparison of the various level systems. 
A text associated with the figures sup- 
plements the information contained in 
the diagrams. We must all be grateful 
to the members of the Kellogg Radia- 
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[FOR MECHANICAL HELP IN NUCLEAR RESEARCH AND DEVELOPMENT. . 


Enlist the skills of General Mills 


THIS POWER-DRIVEN Remote Handli Unit is one of many 
pieces of equipment designed and manufactured by General Mills 
for the science-industry of nucleonics. It is now in use at leading 
atomic oa installations in different parts of the country, 
poentes fficult operations economically and safely. The unit 

as the strength to manipulate loads of several hundred pounds 
with ease, yet it can be controlled delicately enough to handle 
articles as fragile as an egg without damage. 


Over 200 skilled engineers, designers, technicians and 
machinists are ready to go to work on your problem at 
General Mills. They have had wide experience in elec- 
tro-mechanical design and development, including re- 
search and testing for well-known industries, scientific 
institutions and all branches of the armed services. 


Also available at General Mills are the finest manu- 
facturing facilities for producing the complex instru- 
ments and equipment required in nuclear projects. 


ENGINEERING RESEARCH AND DEVELOPMENT DEPARTMENT 


@ TELEMETERING 
@ SERVO CONTROLS 
@ INSTRUMENTATION 


@ REMOTELY-CONTROLLED 
HANDLING EQUIPMENT 


STRATOSPHERE VEHICLES 


PLASTIC BALLOONS, another General Mills 
development, provide stable platforms 
for cosmic ray and weather observations 
at heights up to 100,000 feet. They 
carry loads as great as 300 pounds, stay at 
prescribed altitudes for many hours. Inex- 
pensive versions of these balloons make 
excellent air tracers. 





Further details will be sent on 
request, or a representative 
will call if you prefer. Write to 
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coaxial cables 


Whatever the size RG 
you'll get a better cable wher 
Amphenol. Every stage of cable ma 
from the testing and selection of raw matef® 
through to the final loading and shipping, 1 


done by Amphenol’s experienced workers in4 
Amphenol’s own modern cable plant under 
the watchful eye of Amphenol’s technicians ‘ 


and engineers. There is no opportunity for ; 


outside errors to creep in. 

Amphenol RG coaxial cables are available 
with either high quality polyethylene or Tef- 
lon dielectric. The polyethylene cables are 
jacketed with tough, weatherproof vinyl to 
military specifications. The Teflon dielectric 
type cables have an outer covering of silicone 
varnish impregnated glass fibre for high 
temperature applications up to 500°F. These 
Amphenol cables satisfy every environmental 
need for military and civilian use from the 
Arctic to the Tropics. 

Amphenol solid dielectric coaxial cables are 
providing the best in RF transmission, with- 
out maintenance expense, in communication 
service everywhere! 


A few of the popular sizes of Amphenol RG / Coaxial Cables 


AMPHENOL 
NUMBER 


21-441 
21-024 
21-025 
21-026 
21-004 
21-013 
21-250 
21-382 


NOMINAL 
IMPEDANCE 0.D. 


50 ohm -160 
53.5 ohm 195 
73 ohm .242 
93 ohm 242 
52 ohm 405 
52 ohm 870 
50 ohm 425 
50 ohm 


This plastic cable and connector selector is 
designed to help the engineer or designer to 
choose the proper cable or combination of 
cable and connector. Listed on this selector 
are several hundreds of cables, connectors 
and combinations. This handy selector will 
be furnished at no charge to designers and 
engineers working with radio frequency ca- 
bles and connectors. Address your request on 
your company letterhead to Department 13L. 


NOMINAL 


RA LALA LALA AA SAN ee, pire, 


DIELECTRIC 
MATERIAL 


Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Polyethylene 
Teflon 


Teflon 


tion Laboratory for this and other 
similar contributions which assist a 
great deal in the organization of 
information in this part of nuclear 
This quality is obviously 
brought about by the personal effort 
of the research physicist and could 


physics. 


never be achieved by anybody who has 
not been associated with the subject 
during some of the best years of his life. 

Anyone who knows N. Ramsey will 
expect his contribution on Nuclear 
Moments to be bright and imaginative. 
It is a pleasure to read it! Though it 
covers only 10 pages, the number of 
references runs up to 115, indicative 
of the rapid growth of this newly 
discovered field. 

A. O. Nier contributes expertly on 
the Mass and Relative Abundance of 
Isotopes. The account of the inven- 
tive spirit of the physicists in thinking 
better instruments is 
particularly attractive. 

The partly unsatisfactory chapter on 
the Electromagnetic Separation of Stable 
Isotopes by C. P. Keim, of the Oak 
Ridge National Laboratory, leaves one 
with too many unanswered questions. 
The article (30 pages) insofar as the 
separation plant itself (6 pages) is con- 


out new and 


cerned is obviously secrecy-inhibited. 
The rest deals with shipments and the 
uses of stable isotopes. 

The Chemical Separation of Stable 
Isotopes is covered by G. H. Clewett 
(8 pages). 

Five articles (89 pages) on High 
Energy Accelerators deal with standard 
cyclotrons, synchrocyclotrons, proton 
synchrotrons (by M. 8. Livingston); 
synchrotrons (by J. E. Thomas Jr., 
W. L. Kraushaar, and I. Halpern); and 
linear accelerators (by J. C. Slater). 
One would wish that the High Voltage 
Corporation in Cambridge, Mass., had 
added their 
voltage d-c machines: I am sure a good 
deal of tube redesign would have 
those laboratories not 


“success” story on high- 


started in 
fortunate enough to be able to buy the 
real article. 

The Detection of Nuclear Particles 
(33 pages), by W. H. Jordan, deals with 
the progress of scintillation counters, 
proportional counters, ionization cham- 
Obvi- 
ously, the author has had practical 


bers, and neutron detectors. 


experience in this field and many of his 
remarks on the relative advantages 
and weaknesses of a particular design 
are worth studying. I can hardly 
believe the statement that the deu- 
terium chamber for gamma-ray spec- 
troscopy is equal to the pair method 


AMERICAN PHENOLIC CORPORATION 
1830 SOUTH 54TH AVENUE + CHICAGO 50, ILLINOIS 





5 MILLIAMPERES at 30 KV 


REGULATED-REVERSIBLE 
RF HIGH VOLTAGE POWER SUPPLY 


OUTPUT: 


From below | KV to 30 KV in three ranges at currents 
up to 5 Milliamperes. 

Up to 400 VA regulated AC may be drawn simul- 
taneously from convenience outlets on panel) 


REGULATION: 


0.1% of full scale on all ranges. 


LINE VOLTAGE STABILIZATION: 
01% per volt variation. 
RIPPLE VOLTAGE: 


Less than .05% of DC output voltage 


OUTPUT POLARITY: 


Reversible—Either positive or negative. 


METERING: 
Output Kilovoltmeter, three ranges, 0-5, 0-15 
0-30 KV. 
Current Meter, three ranges, 0-.5, 0-1 and 0-5 MA. 
Final stage plate voltage meter. 
Final stage plate milliameter. 


SAFETY FEATURES: 
A TOOL FOR Adjustable load cut-out. 
Double push-buttons requiring both hands to energize 
RESEARCH BEYOND ae ee: quiring 


USUAL CURRENT Safety interlock on door. 
LIMITATIONS j Latching circuit keeps HV off after line voltage 


failure. 


Bench Type NEUTRONIC HIGH VOLTAGE Supplies 


RF Type 
The following NEUTRONIC models are now available. Your specific 
modifications can be incorporated. All units are h d in standard 
19” rack panel cabinets. 





Model Voltage 
No. range Current range Regulation 
21M 1-1I5KV 6 MA. at 1|OKV 
21 MR 1-1I5KV MA. at 1OKV 
; 3-26 KV 2 MA. at I8 KV 

3-26 KV : A. at 18 KV a 
3-26 KV . .at 20 KV 
3.26 KV 3MA.at20KV 5% Voltage rm 
5-40 KV .3 MA. at 25 KV : range rrent range 
5-40 KV 3 MA. at 25 KV 5% 1 5-50 KV 1 MA. at 35 KV 
5-45 KV t .at30KV : 5-55 KV 2 MA. at 30 KV 
= 45 KV A. at 30 KV 5% ‘ 5-55 KV 2 MA. at 30 KV 
5-50 KV A. at 35 KV 35 1-30 KV 4.5 MA. entire range 


Maximum available current depends upon voltage setting. 


(VEUTRONIC associates 


CONTROL DEVICES 
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Standard WEsTON Switchboard Instruments are all catalogued, 
of course. But these are special switchboard instruments . . . a few 
of the many hundreds of different types being constantly engi- 
neered and produced to meet specific requirements. Requirements 
such as... special sensitivities—scale markings—pointer styles and 
response—mirror scales—adjustment to give maximum accuracy 
at critical points, etc. Whatever your instrument requirement . . . 
standard or special . . . the answer is available here at instrument 


headquarters. WESTON Electrical Instrument Corporation, 617 


Frelinghuysen Avenue, Newark 5, New Jersey . .. manufacturers 
of Weston and TAG instruments. 
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in the resolution (see Kinsey’s results). 

Atomic and Molecular Spectroscopy, 
by G. H. Dieke, contains much inter- 
esting information (49 pages; 331 
references), including the Retherford- 
Lamb shift and general spectroscopy, 
with special attention to the heavi- 
est elements of mercury, diatomic 
molecules, microwave spectra, radio- 
frequency spectroscopy, spectra of 
solids and liquids, and spectrochemical 
analysis. 

Helium (3) and superconductivity 
are reviewed by C. T. Lane (27 pages) 
in a chapter on Low Temperature 
Phenomena. 

This completes the physics con- 
tributions which take up more than 
half of the volume. The remainder 
deals with chemical and_ biological 
materials. 

The very informative article (24 
pages) by B. A. Rogers and F. H. 
Spedding on the Progress in Metallurgy 
will be read with interest by all who 
wish to get an inkling of the intimate 
connection between metallurgy and 
reactor material problems  Radia- 
tion effects in solids are dealt with; the 
properties of thorium and uranium and 
of their alloys and some of the high 
melting uranium and thorium com- 
pounds are described; and the use of 
radioisotopes in metallurgical investi- 
gations is illustrated. The section on 
metals of actual and potential use in 
reactors and that on liquid metals 
suitable for efficient heat transfer are 
very valuable. 

The chemical papers (75 pages) con- 
cern: Isotopic Tracers in Chemical 
Systems (R. R. Edwards), Analytical 
Nuclear Chemistry (C. J. Rodden), 
Geochemistry (M. Fleischer and J. C. 
Rabbitt). 

The contributions (131 pages) in the 
biological field are: Genetic Effects of 
Radiation (R. F. Kimball), Some 
Aspects of the Biological Action of High 
Energy Radiations (H. M. Patt), Radio- 
isotopes in Biochemical and Medical 
Research (C. A. Villee), Stable Isotopes 
in Biochemical Research (D. Ritten- 
berg and T. D. Price) and Radioisotopes 
in Soils Research and Plant Nutrition 
(S. B. Hendricks and L. A. Dean). 

An extensive author and subject 
index concludes the book. 

One final remark: I wonder if a 
scientist interested in biology is willing 
to purchase 600 pages, of which only 
130 pages are concerned with his field 
and the rest hardly accessible to him? 
I hope so, though much of the physics 
must be quite difficult for biologists to 
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assimilate. Physicists, I expect, will | 
certainly be interested in the biological 
effects of radiation on their bodies if 
they are careless. 

On the whole, it seems that a success- 
ful beginning has been made; the 
standard set by the first volume is 
worthy of the purpose and promising 


for future volumes. 


OTHER LITERATURE 


Atomic Energy Levels, Vol. Il, by| 
Charlotte E. Moore (National Bureau | 
of Standards Cireular 467), xxxi + 227 

pages. This volume, the second part 

of a compilation of atomic energy 

levels derived from analyses of optical 

spectra, contains data on 152 eet 

of elements with atomic numers 24 

through 41 (chromium through nio- 

bium); the previous volume, published 

in June, 1949, presented similar data 

on 206 spectra of the first 23 elements 

(hydrogen through vanadium). The 

general arrangement of Vols. I and II 

are identical. A brief explanation and 

a selected bibliography covering the 
analysis appear with each spectrum. 

Ener levels are tabulated in the 
relates de rroups that form spectroscopic 

terms, starting with the lowest level 
as zero. Electron configurations are 
given; for the more complex spectra, | 
arrays of observed terms are given 
also. Similar arrays of the terms 
predicted by theory for important iso- 
electronic sequences are included in| 
the introduction. The text also lists | 
errata and additions to Vol. I. GPO, 
Washington 25, D. C., buckram bound, 
$2.25 


35th Annual Report of the National 
Research Council of Canada (1951-| 
1952). The many projects carried 
out in the Council’s nine laboratory | 
divisions are reported in this docu- 
ment, together with an outline of the 
year’s activities in atomic-energy re- 
search at Chalk River which includes 
an account of the relinquishment of 
the atomic energy project responsi- 
bility from NRC to the Crown com- 
pany, Atomic Energy of Canada, Ltd. 
National Research Council, Ottawa 2, 
Canada. 


Harwell, the British Atomic Energy | 
Research Establishment (1946-1951). 
A case-bound edition of this 128-page 
report (see NU, Sept. ’52, p. 64) has 
just been published by The Philosophi- 
cal Library, 15 E. 40th St., New York | 
16, N. Y., $8.76. 
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NEW UNIVERSAL SCINTILLATION COUNTER 
WITH 5 ATTACHMENTS 


Solves ALL your counting D 


roblems 


Basic unit with 5 different 
counting heads gives versatility 
and efficiency never before 


possible. 


The new 


"RADIMAX”* 


Windowless alpha, beta 
gamma rotating planchet attachment. 


MERE IS ACCURACY PLUS ECONOMY 
This universal design utilizes a single standard phototube and 
housing. When used with each of the attachments, it gives you 
the finest instrument available for each specific counting job. 
Try this outstanding, coordinated group of instruments and improve 
your counting efficiency at low cost. 
MAIL COUPON FOR COMPLETE CATALOG 
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NUCLEONIC EVENTS 


University of Utah Gets OK to Design Low-Power Reactor; 
Private Funds Available for Construction 








The second university-owned reactor in the country may be built on the 
campus of the University of Utah, Salt Lake City, with funds made 


available by the Kennecott Copper Corp. 


plans are complete, must still be given 
by AEC. 

Aside from fuel, the 
budget for the research 
$50,000. It is expected that the U*** 
fuel will be furnished by AEC under 
a provision calling for return of the 
material if defense needs 


construction 
device is 


fissionable 
warrant it. 

Two other universities are also in- 
terested in building small research 
reactors with their own funds, and 
it is regarded as probable that they will 
get AEC approval. The first  pri- 
vately-owned nonsecret reactor is un- 
der construction at North Carolina 
State College, Raleigh (NU, Dec. 50, 
p. 5). 

It is understood that there are other 
obtaining 
not 


institutions interested in 


research reactors, but they are 


sure of the availability of nonpublic 


3 New Members Join 
AEC’'s General Advisory 
Committee 


The General Advisory Committee of 
the Atomic Energy Commission, whose 
establishment called for in the 
atomic energy acts of 1946, has released 
the first statement of its philosophy 
This an- 


was 


and method of operation. 
nouncement was made at the time of 
the appointment of three new members 
to the committee to replace three 
members who have served their statu- 
tory terms, 

The new members of the committee 
are John C. Warner, professor of 
chemistry and president, Carnegie 
Institute of Technology; Eugene P. 
mathematical 
University; and 


research 


Wigner, professor of 


physics, Princeton 
James B. Fisk, director of 
in physical sciences, Bell Telephone 
Laboratories. They replace James B. 
Conant, Lee A. DuBridge, and J. R. 


Oppenheimer. The other members of 
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Final approval, when the 
funds for the purpose. Support of 
these reactors by AEC is an academic 
question at this time since the reactor 
division has no funds available for 
such uses. Any decision on AEC sup- 
port for these reactors will have to 
wait until decisions for the next fiscal 
year are made. 

The Utah reactor project will be 
under the direction of Lyle B. Borst, 
and will be a joint effort of many 
members of the university staff. The 
immediate objective is to construct a 
powerful and useful reactor at the 
lowest possible price. 

Similar in design to the Los Alamos 
water-boiler, the reactor will have a 
core 1-ft-diameter 
sphere of U*** in water solution. The 
chain reaction will be started by sur- 
rounding the core with a water re- 


consisting of a 


flector, and stopped by draining away 
the water. 

The flux is expected to be half that 
of the Brookhaven reactor, which 
has a flux of 4 X 10'*n/em*/sec. The 
shield will consist of 15 K 15 X 10-ft 
concrete blocks. 

The reactor will be housed in a two- 
story clapboard and frame former 
movie theater. The control room will 
be in the projection booth, and the 
external neutron beam will travel down 
a 200-ft corridor formerly used as the 
aisle of the theater. 

Kennecott Copper expects to make 
use of radioisotopes from the reactor 
in studies of metals and elements 
present in its vast Bingham Canyon 
copper mines and adjacent tailings 
dumps. 

The presence of a reactor in the area 
should help to overcome difficulties 
now encountered by western research- 
ers due to the short half-lives of certain 
isotopes. The half-lives of C™ and 
the oxygen and nitrogen isotopes are 
so short, for instance, that they cannot 
be successfully shipped from AEC 
installations to western laboratories. 


JOHN C. WARNER, EUGENE P. WIGNER, and JAMES B. FISK, who have been named to 


the general advisory committee af AEC 


the committee are Oliver E. Buckley, 
Willard D. Libby, Eger V. Murphree, 
John von Neumann, I. I. Rabi, and 
Walter G. Whitman. 

The committee, which has no perma- 
nent staff, meets periodically to discuss 
questions that it thinks AEC should 
be concerned with or questions that 
AEC has asked it to consider. The 
committee looks to AEC as the source 
of information on which to base 
decisions. Recommendations are sub- 
mitted to AEC in the form of a letter 
after each meeting. 


Sometimes the committee considers 
matters which are not entirely technical. 
One reason it does this is that ‘“techni- 
cal development cannot prosper in the 
absence of general policy and of 
understood, if not always explicitly 
formulated, objectives.’’ The other 
reason is that organizational and 
practical arrangements must be made 
if recommended technical policy is 
to be carried out. 

As examples of such matters, the 
committee cites organization of AEC’s 
development work on reactors, organ- 
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ization of AEC’s research and develop- 
ment efforts in raw materials, need for 
weapons tests, creation of an informed 
general understanding of the prospects 
for civil of the 
thermonuclear program, need for an 
atomic proving ground, 
and the technical benefits to be derived 
with the United 


power, objectives 


accessible 
collaboration 


from 
Kingdom and Canada. 


Commissioner Glennan 
Resigns From AEC 


T. Keith Glennan, member of the 
five-man Atomic Energy Commission 
since August, 1950, resigned from that 
post last Glennan, whose 
term was to have run to June 30, 1955, 
will return to his position as president 
Institute of Technology, 


month. 


ol Case 


Cleveland. 


Students at ORSORT Session 
Represent 16 Companies 
The third session of the Oak Ridge 


School of Reactor Technology (oper- 
ated by Carbide and Carbon Chemical 
has opened with a record enroll- 
The 12-month 


Corp 
ment of 80 students. 
course is designed to equip the students 
to design and operate a reactor (NU, 
Feb "52, p 10). 

Of the students, 31 
versities in this and 
student-employees of Oak Ridge Na- 
The remaining 49 


are from uni- 
country, are 
tional Laboratory. 
are on loan from industrial organiza- 
tions and various government agencies. 

The companies represented by stu- 
dents at’ this Aerojet 
Engineering Corp., American Gas and 
Electric Service Corp., Babcock and 
Wilcox, Blaw-Knox Construction Co., 
Boeing Airplane Co., Bonneville Power 
Administration, Consolidated Vultee 
Aircraft Corp., Duquesne Light and 
Electric Boat Division of 


session are: 


Power Co., 
General Dynamics Corp., Foster- 
Wheeler Corp., Mine Safety Appliance 
Co., Monsanto Chemical Co., Newport 
News Shipbuilding and Drydock Co., 
Pratt-Whitney Aircraft Co., Sperry 
Corp., and Westinghouse Electrie Co. 

The curriculum has been expanded 
and the faculty increased over the first 
Courses currently sched- 
reactor 
analysis health 
physics, nuclear physics, reactor mate- 


two sessions. 
the 
reactor engineering, 


uled in school include: 


rials, mathematics, chemistry, and ex- 
perimental, reactor physics laboratory. 
At the ORSORT session, 
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second 


The Editors Hear .. . 

@ Congress will be called upon to appropriate $3-billion more for atomic 
energy facilities, predicts Congressman Henry M. Jackson, member of 
the Joint Committee on Atomic Energy. In a statement to NuCLEON- 


ics, he said, ‘‘This additional amount represents approximate figure 
of what we can actually do based on raw material supply. 
sents the sum of money that will give us a truly all-out program. 
current expansion is only about half our actual capacity.” 


It also repre- 
The 


@ Sentiment among all the commissioners of the AEC is to recommend 
to Congress that the Atomic Energy Act be changed to permit industrial 
ownership of nuclear’ power plants. One stumbling block to industrial 
participation in atomic energy which has not been mentioned in public 
previously is the fact that our agreements with our principal foreign 
suppliers of uranium stipulate that this uranium must be used only for 
the defense of the Western nations. Raw material from such foreign 
nations would thus not be available for a nuclear power industry. 


@ Industry should not invest in the atomic energy field until after the 

Me Mahon Act is changed— so says David E. Lilienthal, former chairman 

of AEC. Meanwhile, and as long as secrecy exists, he suggests that 

industry obtain AEC contract work and thus get behind the “uranium 
curtain.” 

@ In an interview with Nucteonics, AEC chairman Gordon Dean said: 
>AEC may not be able to guarantee a plutonium market to builders 
of industrial power reactors. 
>It isn’t wise for AEC to build a pilot power reactor such as has been 

He says that if AEC builds anything 
and he says it should soon—it should be a full-scale power unit. 

>The AEC commissioners are all agreed that at least one small 

“power package” /(10,000-50,000 kw) reactor generating station 

should be built within the next year. Dean feels two such reactors 

should be built. He says they should be in remote, high-cost power 
areas at Government installations rather than private ones (this 
would seem to eliminate the proposal of the Eureka, Nevada, mining 

group—NU, Sept. ’52, p. 66) 

>The fact of the detonation of the British atomic bomb last month 

does not change matters as far as exchange of information between 

this country and England is concerned. However, Mr. Dean feels 
that if we are to be full military partners with England atomic energy 
information should be shared as part of such a partnership. 


proposed by some companies. 


@ Congress should permit the AEC to guarantee the price of plutonium 
for 25 years, according to Monsanto Chemical Co. 


@ Business done by nuclear instrument manufacturers has increased 
about 300°% since 1949. 





Service Electric and Gas Co., Reynolds 
Metal Co., Sinclair Refining Co., and 
Socony-Vacuum Oil Co. 


1951-52, students from the following 
companies attended: Allis-Chalmers 
Mfg. Co., Boeing Airplane Co., Cali- 
fornia Research and Development Co., 
Cities Service Research and Develop- 
ment Co., Douglas Aircraft Co., 
General Mills, Inc., Hercules Powder 
Co., Byron Jackson Co., Metropolitan 
Edison Co., Minneapolis-Honeywell 
Regulator Co. (Brown Instrument 
Division), National Lead Co., Public 


British Work on 3 Power 
Reactors, One a Breeder 
British scientists at the Atomic 
Energy Research Establishment, Har- 
well, are working on a new reactor 
designed to produce power and breed 
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} YOU USE 


HIGH VACUUM 
We Have It! 


#1000 #100 
OIL DIFFUSION PUMPS 
of all sizes 
SPECIAL VACUUM EQUIP- 
MENT VACUUM FURNACES 
etc. 


HIGH VACUUM 
EVAPORATOR 


P-5 


EVAPORATION and 
METALLIZING 
for Production 


Also available in 
smaller and larger units 





We can supply all types of high vacuum 


equipment as well as an evaporating 


service for opticol and electrical films. 





Write or wire 


OPTICAL 
FILM ENGINEERING CO. 


2737 North Sixth Street 
Philadelphia 33, Penna. 











secondary fuel. According to a state- 
ment by the British Supply Ministry, 
this breeder will make use of fast or 
intermediate neutrons. 

Two other reactors are in the works 
at Harwell. One is a slow-neutron 
using enriched-uranium 


reactor fuel 


designed for special application such 


as ship propulsion. The other is a 
slow-neutron uranium reactor designed 
for generating electric power. 

In disclosing the construction of the 
breeder, the Supply Ministry said that 
there is still much research work to be 
done and that it might be 10 years be- 
fore economic possibilities are known. 


Construction of Multi-Bev Accelerators is Made 
Feasible by New Strong-Focusing Principle 

A new system of focusing particles in flight, worked out at Brookhaven 
National Laboratory by Ernest D. Courant, M. Stanley Livingston, and 
Hartland 8. Snyder, brings into the range of economic and engineering 


feasibility the construction of accelerators that will deliver particles with 


energies as high as 100 Bev. It is 
expected that an accelerator based on 
this system will be built. 

The focusing is done by magnetic 
fields as in present racetrack-design 
cyclotrons. But instead of having the 
field gradient in the same direction in 
all sections of the magnet, the direction 
of the field gradient alternates from 
section to section—the field increases 
towards the center of the cyclotron 
in one magnet section and increases 
towards the outside in the next section 

This alternation of converging and 
diverging forces is found to have a 
cumulative effect, 
gous to the convergence of light by 


convergent analo- 
alternating converging and diverging 
lenses. The convergence of the beam 
of particles is so strong that the vacuum 
chamber in which the particles travel 
can be made extremely small compared 
to the size of chamber necessary in 
large cyclotrons today. 

For a 30-Bev accelerator, the vacuum 
chamber would only be about 1 X 2 in. 
in cross section; the chamber of the 
3-Bev cosmotron is about 6 X 28 in. 

With chamber, the 
magnet could be made quite small. 
This is saving 


comes in. 


such a small 


where the economic 
A 30-Bey 
require a magnet half the weight of the 
2,200-ton 3-Bey 
chine. The units of the 
cosmotron are 8 X 8 ft in cross section; 


machine would 
magnet of the ma- 
magnet 


magnet sections for a strong-focusing 
30-Bev machine would only have to be 
about 114 X 2 ft in cross section. 

The orbit 30-Bev 
accelerator would have to be 10 times 
the 60-ft diameter of the 3-Bev cos- 
The radiofrequency system 


diameter of a 


motron. 
for increasing the energy of the par- 
ticles would also be more complex. 

A 100-Bev machine with 
of the same cross section could also 
be built, but the orbit diameter would 


magnets 


have to be three times as large, or 
nearly half a mile. 

The strong focusing system can also 
be applied to linear accelerators, and 
details of such application have been 
worked out by John P. Blewett of 
Brookhaven. Such a machine might 
be useful for injecting protons into a 
multi-Bev cyclotron. 


2 Gaseous-Diffusion Plants 
Sign Power Contracts 


Electric 
Commission's 


Atomic 
gaseous- 
Pike 


p. 67), 


power for the 
nergy new 
diffusion plant to be built in 
County, Ohio (NU, Sept. °52, 
will be supplied by a combination of 
15 private power companies, 

The Ohio 
Valley Electric Corp., has contracted 
to supply 1.8-million kilowatts to the 


combination, known as 


plant. To do this, two huge steam- 
electric plants, with a total capacity 
of 2.2-million kw, will be constructed. 
The agreement calls for the 
availability of up to 465,000 kw for 
construction and early operation of the 


also 


plant. 

Under another contract entered into 
by AEC, a group of five private power 
companies, known as Electric Energy, 
Inc., will increase its supply of power 
to the Paducah, Ky., gaseous-diffusion 
plant. The total power to be supplied 
by this group has been raised from 
500,000 to 735,000 kw, which repre- 
sents 25% of the additional power 
required by the expansion program at 
the plant (NU, Sept. ’52, p. 67). 

The remaining 75% of the increased 
needs of the Paducah plant, 705,000 
kw, will be supplied by the Tennessee 
Valley Authority. This will make the 
total supplied by TVA 1.2-million kw. 

The annual cost of power for the 
Ohio plant will be about $60-million 
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ABSOLUTE FILTER 


Here is the filter used by the Atomic Energy Commission to remove 
from the air more than 99.95% of the particles in the size range of 
0.2 to 1.0 micron. 

Since this filter was declassified in 1950 and made available for 
commercial use, over 10,000 have been supplied to industry, science 
and government. Companies or laboratories working with radio- 
active materials or engaged in any other activity where extremely 
efficient filtering is necessary are invited to write for details. 


APPLICATIONS: 


EXHAUST AIR— where radioactive and other toxic particles must 
be removed. 


SUPPLY VENTILATION AIR — where the highest degree of cleaning 


is required. 


PROCESS AIR — where it is necessary to remove all contamination. 


The Absolute filter is adapted to these markets: 


Bomb Shelters 

Food Processing Plants 
Aircraft 

Textiles 

Synthetic Fiber Processes 
Special Processes 


Breweries 


A.E.C. Plants 

Radioactive Processes 

Toxic Fume Removal 
Pharmaceutical Plants 

Film and Photographic Plants 
Optical Works 

Laboratories 


Biologicals 

Hospitals 

Chemical Plants 

Electronic Tube Manufacturing 
Fermentation Processes 

Precision Equipment Manufacturing 
Automatic Telephone Exchanges 


FEATURES: 


PROVEN PERFORMANCE. 
Used in large numbers for many 
years by the A.E.C. 


. NO MAINTENANCE. 


No moving parts — simply remove 
and replace when loaded with dirt. 


. LONG LIFE. 


One to three years with proper pre- 
filtering under normal conditions. 
LARGE CAPACITY. 


High C.F.M. rating for each unit is 
accomplished by pleated design. 


. EASILY INSTALLED. 


Simple casing and access required 
—no power, flushing water or drains. 


. LOWEST KNOWN RATIO OF AIR FLOW 


RESISTANCE TO EFFICIENCY. 
Clean filters have a pressure drop of 
one inch of water at rated air flow. 


. UGHT AND COMPACT. 


One man can easily handle any size. 


. LABORATORY CONTROL. 


Each filter is tested to insure the 


guaranteed efficiency. 





Rated CFM 
at 


DIMENSIONS OF FRAME 





1” w.g. 


High 


Wide Deep 





1000 


24 in. 


24 in, 11% in. 





500 


24 in. 


24 in. 57/8 in. 





250 


24 in. 31/16 in. 





A-50 40 


8 in. 57/8 in 





A-25 20 











8 in. 31/16 in. 














For information regarding your problems, address your inquiries to: 


CAMBRIDGE @2z,0ratio« 


351 GEDDES STREET 


Here is a photograph of an actual installation 
showing simplicity of block-like construction. 
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DOUBLE-SEAL 
FITTINGS 


.» AGAINST 
COSTLY 
LINE 
LOSSES 


= 


a 


1 Patented full-floating seat, 
Teflon reinforced, insures posi- 
tive leak-proof operation. 


2 Heavy duty built for high 
pressure use. 

3 Parts reusable and inter- 
changeable for peak econ- 
omy. 

4 Stainless steel construction 
resists acids, corrosion. 


5 Complete line for tubes to 1” 
O. D., and for Schedule 5 § 
and 10 S pipe to %”. Other 
sizes to order. 


THE SPECIAL SCREW 


PRODUCTS CO. 
5445 Dunham Rd., Bedford, Ohio 


SEND FOR 
pROOF 


Descriptive litera- 
ture and perform- 
ence dcic avoil- 
oble upon request. 
Write todoy 











when it goes into full operation four 
years from now. The Paducah plant, 
when it hits its full operation stride, 
will pay an estimated $23-million 
annually for private power, and $37- 
million for power from TVA. 

Ohio Valley Electric Corp. is headed 
by Philip Sporn, president of American 
Gas and Electric Co. The other com- 
panies represented in the group are: 
Columbus and Southern Ohio Electric 
Co., Cincinnati Gas and Electrie Co., 
Louisville Gas and Electric Co., West 
Penn Co., Potomac Edison 
Co., Monongohela Co., Ohio 


Power 
Power 


| Edison Co., Pennsylvania Power Co., 
| Toledo Edison Co., Appalachian Elec- 
| tric Power Co., Indiana and Michigan 


Electric Co., Kentucky Utilities Co., 
Dayton Power and Light Co., and 
Southern Indiana Gas and Electric Co. 

The five companies comprising Elec- 
tric Energy are Central Illinois Public 
Service Co., Illinois’ Power Co., Ken- 
tucky Utilities Co., Middle South 
Utilities, Inc., and Union Electrie Co 


Eleven Companies Join 
Power-Reactor Study Group 


Eleven companies have joined the 


power-reactor study program being 
conducted by Dow Chemical Co. and 
Detroit Edison Co. under an agreement | 
with the Atomic Energy Commission. | 
This is one of four groups conducting 
such studies (NU, June ’51, p. 42) 
The that 
joined the project are Cincinnati Gas 
and Electric Co., Cleveland Electric 
Illuminating Co., Consolidated Edison 
Co. of New York, Consumers Power 


Co., General Publie Utilities Corp., 


companies have just 





New England Electric System, Phila- 
delphia Electric Co., Public 
Electric and Gas Co. of New Jersey, 
Toledo Edison Co., Vitro Corp. of 
America, and Wisconsin Electric Power 
Co. 
Babcock 
Development 
with 


Service 


Wilcox Nuclear 
Associates have been 
Dow-Detroit Edison 
as consultants since the start of the 


and and 


associated 


project. 

Last April, AEC announced that it 
had accepted, in substance, a proposal 
by Dow-Detroit Edison for a jointly- 
financed program to develop a reactor 
for the production of both fissionable 
material Most of the 
work by the two companies, estimated 


and power. 


at about $275,000 in direct cost, will} 


be carried out in their own laboratories. 
Research by AEC on the program will 
be carried out at the national labora- 


tories at Argonne, Brookhaven, and 


| 





MODEL 215 SCALER 
AND LINEAR AMPLIFIER 


The mode! 215 scaler is the most versatile of 
all scaling units incorporating these features 
HIGH SCALING FACTOR, LINEAR AMPLIFIER, 
500 to 5000 VOLT SUPPLY, PRESENT TIME, ond 
PRESENT COUNT. 

This instrument may be used for proportional, 
scintillation or Geiger counting. 

INPUT SENSITIVITY variable from 3 millivolts 
to 10 volts. 

COUNTER VOLTAGE continuously variable from 
500 to 5000 volts with electronic regulation of 
01% per 1% change in line voltage. 
METER—large 4}”—calibrated to 1% of full 
scale 

PREDETERMINED TIME operates through Eagle 
Microflex timer. 

SCALING FACTOR selection of 32,64,128, 256, 
or 512. 

OPERATION independent of line voltage varia- 
tions between 95 and 130 volts 

RESOLVING TIME of 5 microseconds not in- 
cluding mechanical register. 


Write for further details 


ABLE SCIENTIFIC 
GLASS APPARATUS CO. 


5041 W. Lake St. Dep't NU Chicago 44, Illinois 








PRECISION RADIATION 
INSTRUMENTS 


TAKES PRIDE IN 


ANNOUNCING THE 


“SCINTILLATOR” 


MODEL 111 PORTABLE 
SCINTILLATION COUNTER 


* PATENT 
PENDING 


« Made in the U.S.A. by Precision. « 100 times the 
sensitivity of the best Geiger Counter. + Suitable 
for aerial surveys or surveys from moving vehicles. 
© Accuracy within 5% of % full scale reading. « Uses 
latest type RCA 6199 photomultiplier tube + Uses 
newest simplified circuit designed by Precision Engi- 
neers for the U.S. Government. ¢ Waterproof and 
tropicalized probe. « Weight only 6% Ibs. Probe 2 10s. 
« Only two ey controls. « Long battery life. 
@ Ranges .025, .05, .25, 1, 5 and 25 MR/HR. 


Price complete only $495.00 


Write for free catalog on the “'Scintillator’’ and our 
complete line of Geiger Counters and metal locaters. 


PRECISION RADIATION INSTRUMENTS 


2235N South La Brea Ave., Los Angeles 16, Calif 
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Oak Ridge. Much of this work is| 
already in progress or has _ been| 
budgeted under AEC’s power-reactor 
development program at about $725,- 
OOO in direct costs. 


Radiochemical Processing 
Plant Almost Finished 


The Idaho Chemical Processing 
Plant at the Reactor Testing Station, 
Arco, Idaho, which is to be one of the 
Atom Energy Commission’s major 
radiochemical processing plants, is 
nearing completion. 

ess used was developed at 
lge National Laboratory, and 
ricate mechanical components 
il instruments for the new 
fabricated at ORNL. A 
f ORNL engineers and American 
nid Co. personnel are now mak- 
nary chemical runs at the 
int. 
Corp. is the construction 
and American Cyanamid 
to be the operation contractor. 
Detail design drawings were made by 
Foster-Wheeler Corp. from preliminary 
design work done by the ORNL chemi- 


technology division. 


AEC Operations Office 
Established in San Francisco 


A Sal Francisco office has been 
idded to the eight existing operations 
f the Atomic Energy Commis- 
ion. John Flaherty, assistant man- 
iger of the Chicago office, is manager 
offthe new office 
The San Francisco area office, which 
has been reporting directly to the AEC 
production division in Washington, and 
the Berkeley area office, which has 
been under the Chicago office, are 
consolidated into the new office, which 
will report directly to Lawrence R. 
Hafstad, director, reactor development 
division 


AAAS Meeting to Include 
Sessions on Radioisotopes 


The six-day meeting of the American 
Association for the Advancement of 
Science at St. Louis, Dec. 26-31, 1952, 
will have a full-day symposium spon- 
sored by the Oak Ridge Institute of 
Nuclear Studies. 


The topics and speakers for the! 
morning session on radioisotopes in in- | 
dustry are Survey of Industrial A pplica- 
tions of Isotopes, Irving P. Orens, New- 
ark College of Engineering; Jsotopes in 
Metallurgy, H. Rush Spedden, Massa- 
chusetts Institute of Technology; Prob- 
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unctional Electronics 


A typical 
Servomechanisms, Inc., 
computer for aircraft 


control systems. 


Packaged, Functional 
Electronic Controls for 
Defense and Industry 
Servomechanisms, Inc.,...pioneers in the 
design and production of packaged 


function “building blocks’’ for electronic 
and electro-mechanical control systems. 


MECHANISMS — COMPUTERS 





Each block in the system is an individu- 
ally packaged function easily plugged- 
in or out of pre-wired chassis. This 
technique simplifies maintenance and 
reduces the ““down-time”’ problem to 
minutes. Both 60 and 400 cycle blocks 
are available for system synthesis. 
Servomechanisms’ packaging tech- 


AMPLIFIERS — ADAPTERS 





nique provides the military and in- 
dustrial designer with: 

¢ Spatial Adaptability 

* Interchangeability 

* Training Simplicity 

© Ease of Assembly 


POST AND STEWART AVES., WESTBURY, N. Y. 


POWER SUPPLIES 














A TECHNICAL FIRM 


May Be Known By Its Clients 


The Babcock & Wilcox Company 
Bell Telephone Laboratories, Inc. 
Carbide & Carbon Chemicals Company 
(Oak Ridge National Laboratory) 
The Conservation Foundation 
The Cooper-Bessemer Corporation 
The Detroit Edison Company 
The Dow Chemical Company 
Halliburton Oil Well Cementing Co. 
The International Nickel Co., Inc. 
The Johns Hopkins University 
(Applied Physics Laboratory) 
United Aircraft Corporation 
(Pratt & Whitney Aircraft Div.) 
U.S. Atomic Energy Commission 


Known for its application of advanced engineering 
physics to nuclear reactors, this private enterprise 
specializes in many kinds of imaginative, high- 
performance engineering design for both govern- 
ment and private enterprise. 


NUCLEAR DEVELOPMENT ASSOCIATES, INC. 


WHITE PLAINS, N. Y. 
2S 











Provides Electronically Reg- 
ulated, Continuously Ad- 
justable Voltages from 150 
to 1500 VDC at 0-5 Milli- 


amperes 


REGULATED HIGH VOLTAGE 
POWER 
SUPPLY 


This unit is specially designed to supply proper power for making precise quanti- 
tive measurements with photomultiplier tubes, klystrons and similar applications. 
Voltages are held to close limits even with wide line voltage and load variations. 
No meter is required. Accurate voltage readings are made directly from a 15 
turn vernier dial which is calibrated to read 1 volt per scale division. 
: 





Write for Literature on Other 
Furst High Voltage Power 
Supplies for Photomultiplier 
Tubes and Geiger Counters. 








MODEL 810-P SPECIFICATIONS 


@ OUTPUT VOLTAGE: 150 to 1500 VDC at 0-5 
Milliamperes. 

® REGULATION: Output voltage varies less than 
.01 % per volt change of line voltage and less than 
-1 volt with variation of output current from 0 to 
5 Milliamperes. 

@ RIPPLE: Less than 5 Millivolts r.m.s. 

Positive, qutput terminal is grounded. 5 negative 

output donnectors (type AN-3102A-18-16-s) are 

connected in perglle|and mounted on front panel. 

ver 


Write for Descriptive Bullétin 


FURST ELECTRONICS 


3330-A W. Lawrence Ave., Chicago 25, dll. 


solutions. 


lems of Industrial Participation in the 
Nuclear Science Program, William L. 
Davidson, Atomic Energy Commis- 
sion; and Survey of Industrial Reactor 
Proposals, John Landis, AEC. 

The afternoon session, devoted to 
research applications of C'*, will have 
papers on Radiocarbon Dating, Radio- 
carbon in Organic Mechanism Studies, 
Radiocarbon in Biochemistry, and Ra- 
diocarbon in Photosynthesis. 

There will also be a conference on 
scientific manpower sponsored by the 
AAAS Cooperative Committee on 
Teaching of Science and Mathematics 
and the Engineering Manpower Com- 
mission. Other sessions of the meeting 
will be concerned with disaster re- 
covery, magnetic resonance and its ap- 
plications, astronomy, and geophysics. 


RAW MATERIALS 


® Colorado. 
ing uranium and vanadium ores is in 
operation at the Uravan mill of the 
U. S. Vanadium Co. Ores, containing 
jas little as 0.1% uranium, are mixed 
| with reagents and then roasted. After 
roasting, the mixture goes to leaching 
tanks in which the uranium and 
vanadium are dissolved by different 
Each mineral is then pre- 
cipitated separately. The final step 
is shown in the picture below. 

The process is believed to be the 
|most efficient for recovery of the 
uranium and vanadium found in the 
}carnotite ores of the Colorado plateau 


A new process for treat- 





| 
| 


URANIUM CONCENTRATE, extracted from 
| the ore, is being scraped off filter presses 
at the Uravan, Colo., mill of the U. S, 
Vanadium Co. It will next be dried and 
packed in steel drums for delivery to AEC 
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contain a high percentage of 
It is expected that development 


which 
lime. 
of the process will result in a consider- 
of activity 
throughout the area. 


able expansion mining 


®South Africa. 
uranium oxide are under 
construction in different localities in 
the with of them 
scheduled for completion this month, 
the first months of this 


Six plants for ex- 
of 


traction 


Transvaal, one 


During six 
year 
country s uranium mines. 


Thorium is also found in South 
Africa. The Anglo-American Corp. 
plans to produce 8,000 tons annually 
of a concentrate containing 55% of 
rare earths and thorium oxide. The 
entire output up to the end of March, 
1956, has been sold, mostly to the 


United States 


@ Australia. The U. S. Atomic En- 
ergy Commission is reported to have 
recommended a loan of $9-million to 
the South Australian government for 
large-scale uranium production at 
Radium Hill. 

A 2,000-ft-long 
tremely rich in uranium content, has 


ore deposit, ex- 
been found near Darwin. 

The first major shipment of uranium 
ore from the Rum Jungle field has been 
loaded 


United States. 


and is believed headed for the 


IN BRIEF 


® New French reactor. The second 
reactor in France, 20 miles south of 
Paris, was scheduled to be in operation 
it the end of last month. Known as 
P-2, the 1,500-kw, heavy-water reactor 
will be used for plutonium production. 


® Natural neptunium found. The first 
trace natural neptunium-237 has 
been discovered in ore from the Belgian 
Congo 
f the isotope has been isolated 
The 
1947 


ounce ¢ 


the pitchblende ore. 


irom 


cover, was in 


Glenn T 
that ur 


predicted 


inium-bearing ores behave, in 
fashion, like reactors as far 
of byproducts is 


miniature 


the synthesis 


concerned 


Scientists at the 
of the 


® Radioactive DDT. 


Oregon experiment station 


Department of Agriculture have been | 


as a tracer in DDT in an 
effort to find more effective ways of 
killing mosquitoes and other insects. 


@ Norwegian reactor. The reactor 
at Kjeller, Norway, has started round- 
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using C' 


$19.6-million was invested in the | 





Only three ten-billionths of an | 


dis- | 
by | 
Seaborg who pointed out | 





SOLID STATE PHYSICS 


Cryogenic 


st 


Nuclear resonance experiments 

Superconductivity 

Resistance minima in metals at low temperatures 

Second-sound in liquid Helium Il 

Thermal conductivity and specific heat of solids 

Phase changes of the second order 

... are a few of the studies utilizing the ADL Collins Helium Cryo- 
at—a complete installation providing 4 liters of liquid helium per 


hour and capable of maintaining test chamber temperature from 
ambient to —271°C. 


Magnetic 


RESEARCH 


Magnetic susceptibility of metals and alloys 

Paramagnetic resonance experiments 

Magnetic properties of many materials 

Solidification and crystallization studies 

... are examples of work aided by the ADL Electromagnet. Vari- 


able air gap, interchangeable pole pieces (up to 11” in diameter) and 
fields of over 40,000 gauss with only 20 KW power input, add up 


to a remarkably versatile electromagnet 
for a wide variety of research projects. 
Write for 
Bulletin NC-8, Collins Helium Cryostat 
Bulletin NM-7, ADL Electromagnet 


ARTHUR D. LITTLE, INC. 


Mechanical Division 
30 MEMORIAL DRIVE, CAMBRIDGE, MASS. 


TECHNICAL ECONOMIC 











Quality Geiger Tubes for every purpose 


NCA TUBES ARE UNSURPASSED IN 
RELIABILITY AND PERFORMANCE 


Low relative slopes — negligible hysteresis 
— excellent counting reproducibility — tem- 
perature independence — high sensitivity 
and guaranteed long life are characteristic 
of all tube types. 


Included are a number of mica end win- 
dow tubes (WINDOWS AS THIN AS 
1MG/CM2*.) for alpha beta, gamma and 
soft X-Ray counting — HIGHLY SENSI- 
TIVE BISMUTH TUBES, end window 

; and sausage type for gamma radiation — a 
variety of all glass beta, gamma tubes, dip 
tubes and jacketed tubes — metal counters 
of various dimensions for cosmic and 
gamma radiation. 


ALL TUBES ARE ATTRACTIVELY PRICED — Our 
new Catalog N contains descriptions of 
these tubes and scalers, survey meters, 
monitors, and accessory equipment. 


a. GM1W End Window Tube; b. GMIN 
Survey End Window Tube; c. GM2A Sur- 
vey Geiger Tube; d. GM2 Beta, Gamma 
Area Monitor Tube; e. BGM2 Business 
Cathode Gamma-Counter; f. GMC Metal 
Cosmic Ray Counter. 


NUCLEONIC COMPANY OF AMERICA 


formerly NUCLEONIC CORPORATION OF AMERICA 
497 Union Street * Brooklyn 31, New York 














A FEW OF THE STANDARD AND SPECIAL ACCESSORIES AND 
PROTECTIVE DEVICES DESIGNED AND BUILT BY BAR-RAY 
FOR SPECIFIC NEEDS. INQUIRIES ARE INVITED 
Isotope Fume Hoods and Labs 
Isotope Storage Rooms 
Isotope Conveyor Systems 
Industrial Inspection Cabinets 
Radium and Cobalt 60 Safes 
Lead Lined Doors 
Lead Glass Brick 
Lead Brick 
Lead Glass Fabric 
Lead Castings 
X-Ray Cones 
Laboratory Benches 
Lead Lined Chests 
Stainless Steel Processing Systems 
Automatic Temperature Regulators 
Lead Protective Screens 
Lightproof Shades 


Sold Through Your Dealer Write for Latest Catalog 


BAR-RAY PRODUCTS, Inc. 209 25th st., BROOKLYN 32, N.Y. * PHONE: SOuth 8-1022 


the-clock operation. Contracts have 
been placed for isotopes for medical 
use, reactivation of Co for Norway’s 
cancer hospital, and production of 
Co for industrial testing of steel. 


NUCLEAR NEWSMAKERS 


Henry A. Carlberg has been appointed 
manager of plant engineering of the 
manufacturing department at the Han- 


ford Works. 


Samuel C. Lind, acting director of the 
chemistry division at Oak Ridge Na- 
tional ‘Laboratory, has been awarded 
the Priestly Medal, highest honor of 
the American Chemical Society. 


Don S. Burrows has been appointed 
controller of the Atomic Energy Com- 
mission. He succeeds Lindsley H. 
Noble who resigned in May. 


J. Russell Bright, professor of chemistry 
at Wayne University, has been ap- 
pointed representative of his institution 
on the council of participating institu- 
tions of Argonne National Laboratory. 
Wayne University is the 32nd _ par- 
ticipating institution of the laboratory. 


L. J. Laslett, professor of physics at 
lowa State College, has received a 
year’s leave of absence to serve as 
temporary head of the nuclear physics 
branch of the Office of Naval Research, 


Philip S. Baker, associate professor of 
chemistry at Bradley University, has 
left to become head chemist, stable 
isotope research and production divi- 
sion, Oak Ridge National Laboratory. 


W. J. Henderson, formerly of the 
nuclear physics group of the Canadian 
National Research Council, has joined 
the staff of Atomic Energy of Canada, 
Ltd. 


A. Kennon Dovis, instructor in physi- 
ology at the University of Tennessee 
Medical Units, has joined the staff of 
the U. S. Naval Radiological Defense 
Laboratory, San Francisco, to do 
research on thermal burns from an 
atomic explosion. 


Carlos Graef Fernandez will be in 
charge of the second nuclear physics 
laboratory in Latin America which 
began operation at the University of 
Mexico in July. ~ 


Paul N. Rasmussen, a civil engineer, 
has been appointed director of the 
| Division of Organization and Per- 
|} sonnel, in the N. Y. Operations Office 
|of the AEC. He replaces L. Dale 
| Hill, who resigned the position. 
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New AEC IRVAMIIMIARLUWYD 


Patent 
Releases 


DUPLEX SIGNALING UNIT 


Tue following patents, released by 
the Atomic Energy Commission, are 
vailable for royalty-free, nonexclusive 
icensing. Applicants should apply to 
the Chief, Patent Branch, Office of the 
General Counsel, U. 8. Atomic Energy 
Commission, Washington 25; D. C. 
Patents should be identified by number 
and title 
Radiation-Measuring Instrument 
2.601.583) ©. Ballou—portable ; i 
radiation detector capable of holding e e e 
‘calibration to 10% for protnged ® Watchdog of Indispensable Circuits 
periods under varying atmospheric 
conditions. Automatic space-charge ™ 
limiting of the tube prevents destabili-| @ C T| : 4 Op 
zation and damage to cathode during ontro er 0 emote erations 
warm-up period. 
ae eine anne 2,001,- The Hammarlund Standard Duplex Signaling Unit 
637) . tose, fh. : inspater 
lial ial Bhar evs aad consists of a tone generator and frequency selective re- 


ily charged, and easily read chamber ceiver designed to operate over wire lines, telephone or 
consists of concentric cylindrical parts: 


cnies catindh dihiak:, maiad taal power line carrier, and radio or microwave communi- 


ing casing, and rod-like inner electrode. cations circuits for signaling, dialing, slow speed tele- 
Pressure-type means makes contact . " th nf . 
eietem elocinathies aataslas abana metering, supervisory controls or other information. 
employs a flexible insulating dia- Transmitters and receivers are available for 33 fre- 
phragm (Gaseous onizing medium 
ee ee ert eee quency channels between 2000 and 6025 cps. 
used within casing. 

Method of Concentrating Isotopic : : pe : : 
Carbon (2,602,047) M. Calvin, J. W. This equipment is ideally suited to requirements 


Weigh—CO. is enriched in heavy ear- of emergency services, broadcasters, military and gov- 
bon isotopes by action of chlorophyllic 


plant life in a closed system, while ernmental agencies, pipeline and power companies, 


CO: is present to the extent of 0.5-10 airlines, railroads and other groups requiring remote 
volume percent in admixture with 





Sal lian on-off switching, continuous indication of operating 

High-Speed Bearing and Turbine conditions, and automatic detection of wire line or 
(2,602,632) J. T. Serduke, R. O. 
Webster—rotor of high-speed turbine , 
is supported and driven by air. Rotor Hammarlund also manufactures a complete line of Data Trans- 
and internal surface of stator have mission, Supervisory Control, and Selective Signaling Equipment, 


outwardly flaring end surfaces. : Variable Capacitors and C Seations Receivers. 
Method of Producing Zirconium 


Tetrafluoride (2,602,725) H. A. Wil- ® Write Today For Detailed Information @ 
helm, K. A. Walsh—ZrCl, is reacted | 


with HF at 50° C until 90% conversion | /i b> 
to ZrF, is effected; reaction is con- \ 


tinued at 300° C until substantially | MORE THAN 40 YEARS EXPERIENCE COUNTS! 
THE HAMMARLUND MANUFACTURING CO., INC 


power source failures along their systems. 


complete, obtaining practically non- | y 
hydrolysable ZrF,. | Seece Sais, STREET « NEW pe 
Nickel Welding (2,602,871) R. A. 
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WHEN PURCHASING 
COMPONENTS 


Lond Overlook 
THIS TESTING & 
INSPECTION SERVICE 


Qualification testing against military specifications. 


Specification testing in accordance with RTMA and 
other standards. 


Environmental testing. 


Testing of shipping containers for adequacy of pro- 
tection against damage in transit. 


Design and Development of Special Electronic Devices. 


Facilities for Fundamental and Applied Research in 
Radioisotopes Applications. 


Consultations on Radioisotopes Applications. 


|\~ 
j\~ 
a 
|\~ 
[7 
al 
\~ 
\~ 


Inspection and grading of entire lots of mica and 
quartz in all forms. 


We would like to get together and discuss your testing 
problems and possibly point the way to a solution. Write 
for informative booklet ‘Testing and Research in Modern 
Industry.” 


UNITED STATES 
TESTING COMPANY, Inc. 


1460 Park Avenue poken, N. J 


PHILADELPHIA * BOSTON « PROVIDENCE + CHICAGO + NEW YORK + LOS ANGELES 


MEMPHIS « DENVER + DA&LAS 


Member of American Cou of Commerciat Laboratories 


Noland, C. 'T. Szymko—comprises are 
welding nickel and nickel-base alloys, 
using a shield gas mixture containing 
from 5-15% by volume of hydrogen 
and from 95-85% by volume of argon. 

lon Intensity Control Mechanism 
for Mass Spectrometers (2,602,898) 
M. G. Ingram, Brice M. Rustad 
control system feeds vapors to ion 
source at a rate regulated by flow 
of ion current to the spectrometer 
collector. 

Radiation Device and Method of 
Construction (2,602,904) J. A. Simpson, 
Jr.—G-M radiation counter measures 
total activity including soft radiations. 
It is responsive to radiations emanating 
through a complete solid angle. 

lonization-Gage Regulation (2,604,- 
514) H. G. Neil—improved circuit 
maintains constant rate of ionization 
of a gas in a vacuum gage under vary- 
ing conditions of pressure. 

lonization Chamber for Neutron- 
Flux Measurements (2,604,598) L. W. 
Mead, F. C. Armistead—materials 
used have a minimum neutron-induced 
radioactivity. Electrodes have neu- 
tron-sensitive coatings. 

Control Circuit (2,604,612) O. B. 
Rudolph—improved circuit is particu- 
larly useful for controlling speed of a-c 
motors. Two electric discharge tubes, 
“back to back,” are controlled by a 
signal to one of the tubes. 

Preparation of Radioactive Bromine 
(2,605,219) H. Jacobson—the vapors 
of a heated mixture of a volatile metal 
bromide and an irradiated nonvolatile 
bromide salt, brought into contact 
with bromine gas, enter into an ex- 
change process with the gas. The 
separated gas contains radioactive 
bromine. 

Electronic Analyzer (2,605,332) J. H. 
Parsons—events, converted into linear 
positions of a cathode-ray beam, are 
recorded on photographic film. 

Portable Radiation-Survey Instru- 
ment (2,605,429) H. V. Herndon, R. G. 
Hoff—positive feedback, developed in 
the amplifier input circuit, reduces the 
response time. 

Pulse Generator (2,605,449) G. F. 
Schrader—two gaseous discharge tubes 
discharge a section of artificial trans- 
mission line and provide a pulse of 
variable duration in response to an 
input pulse. 

Insulator-Testing Apparatus (2,605,- 


| 633) J. D. Gow—apparatus, for testing 
| solder joint between porcelain bushing 
| and disk-shaped metal end plate of an 
| insulator, employs an audio oscillator 


and saw-tooth oscillator. A trace of 
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the curve of the insulator 
under test is obtained. 

Method and Apparatus for Mate- 
rial Separation (2,606,291) R. R. 
Wilson—linear-type apparatus sepa- 
rates large quantities of mixed isotopes 


resonant 


in relatively short time. 

Radiation Counter (2,606,296) J. A. 
Simpson, Jr.—design improvements 
provide accurate operation of G-M 
and proportional counters in the range 
125-300 volts. 

Adjustable Venturi Assembly 
2,606,573) W. M. Brobeck, J. G. 
Dorward, Jr.—flow-control-indicator 
assembly, under widely variable fluid- 
flow uses an adjustable 
Venturi tube in combination with a 


conditions, 


universal-flow indicator. 

Dry-Cell Assembly (2,607,809) E. C. 
Pitzer—improved filler for voltaic 
cells, which increases voltage stability 
and recoverability, consists, in part, of 
acid form of a base exchange resin 
and saturated NH;Cl solution. 

Electrodeposition of Metal Salts 
2,608,530) M. Kahn—process for 
quantitatively electrodepositing ura- 
nium fluoride from dilute 
solution of uranyl nitrate containing 
dissolved NaF. 

Fluorination Process (2,608,593) 
R. D. Fowler, H. C. Anderson— 
perfluorination of hydrocarbon without 
the structure is 
accomplished by passing vaporized 
hydrocarbon over solid CeF, at 100—- 
450° C 
hydrocarbon). 

Means for Measuring Radiation 
2,608,661) W. H. Zinn—a phosphor, 
when subjected to neutron irradiation, 


scission of carbon 


aqueous | 


EQUIPMENT FOR 
PRECISE 
LOCATION 

OF 
BRAIN TUMORS 


@ at operation 
@ with P32 or K42 


Neurosurgical Count-Rate Meter 


Completely self-contained, op- 
erating from standard batteries 
to avoid power-line interference. 
Ranges of 300, 3,000 and 30,000 
counts per minute. Panel-switch 
checking of all essential power- 


above boiling point of starting | 


activates one of two blocking layer- | 


type photocells connected in series 
opposition relationship. 

Method and Apparatus for Meas- 
uring Tightness of Vessels (2,608,855) 
R. B. Jacobs—rate of inleakage of a 
closed vessel is measured by surround- 
ing the vessel with helium of constant 
concentration and measuring the con- 
centration of helium drawn into the 
suction. 

Injector Mechanism (2,609,500) 
M. D. Martin—by employing an 
electrostatic field which guides ac- 
celerated particles past the injector, 
this injector mechanism does not 
interfere with particle acceleration. 

Flow Control (2,610,300) W. W. 
Walton, R. C. Bowers—a_ valve, 
regulated by responsive to 
changes in vapor content in the spec- 
trometer chamber, controls vapor flow 
to the.mass spectrometer. 


vessel by 


signals 
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Shielded Cables 


Low-capacity, shielded coaxial 
type, with teflon insulation. 
Equipped with connectors for 
Robinson-Selverstone probing 
counter tube and _ count-rate 
meter. May be sterilized by 
autoclave. 


Detailed technical 
data will be sent imme- 
diately on request. 


supply functions. Output may be 
connected to an external re- 
corder. For use with the included 
Robinson-Selverstone probing 
counter tubes and connecting 
low-capacity shielded cable. 


Probing Counter Tubes 
(Geiger-Mueller) 


Robinson-Selverstone _ type. 
Stainless steel, with a probe di- 
ameter of 2 mm and a probe 
length of 10 cm. May be steril- 
ized by soaking in any germicide 
suitable for surgical instruments. 


Cathode Followers 


Permit the use of Robinson- 
Selverstone probing counter 
tubes with standard commer- 
cially-available scalers. Complete 
information on interconnection 
is included. 


Robert A. Waters, inc. 




















For All Your 


Requirements 
of 


RADIOACTIVE 
SUBSTANCES 


RADIUM 


POLONIUM 


RADIUM-D 


STANDARDS 
OF ALL TYPES 


RaBe NEUTRON SOURCES 


PoBe NEUTRON SOURCES 


RADIOLEAD 


FLUORESCENT, 
PHOSPHORESCENT 
and 
SELF-LUMINOUS 
MATERIALS 


CANADIAN 
RADIUM & URANIUM 
CORPORATION 


(An American Company) 


630 Fifth Ave. 
New York 20, N.Y. 








LETTERS 





Neutron Capture Calculations 


DEAR Sir: 


In an article entitled ‘Calculation 
of Yields in Multiple Neutron Capture 
Processes,"’ (NucLEoNIcs, October, 
1951, p. 17), R. F. Van Wye and J. G. 
Beckerley present a generalized method 
for calculating consecutive 
transformations including neutron ab- 


nuclear 


sorption as well as radioactive decay. 
Their general expression, Eq. 2, is an 
extension of that derived in several 
textbooks* for consecutive radioactive 
decay processes. To one who has had 
occasion to apply this equation to 
transformation sequences of more than 
three or four members, this expression 
In the 
first place, the evaluation of the coeffi- 


has two obvious drawbacks. 


cients, A,;"", becomes tedious for long 
Table 1 of 
the in- 


chains as is evident from 
their article. Furthermore, 
dividual terms in the summation are 
frequently orders of magnitude larger 
than N,; so that dependable accuracy 
can be obtained only by using extended 
tables of exponentials and carrying 
ealeulations to more significant figures 
than seems warranted by the accuracy 
to which and 
constants are known. 

The writer has developed an alter- 
nate general expression in power series 


cross sections decay 


form which overcomes these defects of 
the exponential and, in fact, 
permits calculation to sufficient ac- 
curacy with a sliderule and without 
recourse to tables of exponentials. 


form 


Derivation of General Expression 
Consider the chain of consecutive 


reactions: 


ky k's k's 
Ni—— NN »>Ns——... 1 
k’’; ki" ki’ 


= — — 


in which N; identifies the nuclear 
species; k,’ denotes the specific reaction 
rate or probability per unit time for 
N; reacting in the direction of the 
chain and k,” the similar probability 
that N; will be removed from the 
chain by all side reactions. Note that 
k,’ may represent A; in the case of 
radioactive decay, go,(i) in the case 


*For example, E. Rutherford, J. Chad- 
wick, C. D. Ellis, “ Radiations from Radio- 
active Substances,”” (Cambridge University 
Press, Cambridge, Eng., 1930); also W. 
Rubinson, J. Chem. Phys. 17, 542 (1949) 


of neutron capture, or yi,:¢0;/(t) if a 
fission product is in the chain. 

Further, define k; = ki +k,’ as 
the total probability for destruction 
of N;. Thus k; is identical with k,; as 
defined by Van Wye and Beckerley, 
and k,’ and k,’’ may be represented by 
their 6’s, c’s, and f’s. 

The production rates are given by 


dN, 
ts ae 
aN; 
dt ~ 


= kN, 
Ws iNin — kiN; 


By Maclaurin’s series 


Y ; dN, 
N,(t) = N,(0) + (“ ) f 
dt Jo 
Py fs!) eae 
dt? /9 2! 


The coefficients be evaluated 
by successive differentiation of Eq. 1. 


may 
For the case where 


N,(0) = N,°; N2(0) = N,;(0) = 


N,(0) = 0 


the first n — 1 terms in the expansion 
vanish and one finds the expression 


Nn , -/ “+e , 
No 7 Rik’s k's | 


al 


(n — 1)! 


where 


y kik ike, ete. (3) 


had 
ij,4k=1 


y= 


a 


When only a few points are to be 
calculated, the writer prefers to rewrite 
Eq. 2 as 


N, 
a (k’,t)(k'st) - > 


N° 
l 1 
(n — 1)! n! 


1 2 
+@FD! >, - 


(k’n-1t) X 


n 


| (2a) 
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Make the step... from laboratory to production with Stokes High-Vacuum equipment 


For processing titanium, zirconium, hafnium, and other metals... 
for low-cost melting, annealing and sintering of metals which must be 
processed under vacuum, Stokes makes the vacuum furnaces. 


For the production of all high-vacuum processing equipment, Stokes has the 
largest and most diverse manufacturing facilities. 


We build to customers’ requirements, with a sure knowledge of what is 
and what is not practical. 


Stokes techniques of building vacuum processing equipment which 
works and produces in bulk at low cost have been developed 

during fifty years of experience with vacuum and high vacuum. 
Visit the Stokes plant and see for yourself that Stokes is first in 
Vacuum ... first in the manufacture cf vacuum processing 
equipment which takes you over 

the gap between the laboratory 

and commercial production. 


F. J. Strokes MACHINE CoMPANY, 
PHILADELPHIA 20, Pa. 


STOKES MAKES Plastics Molding Presses / Industrial Tabietting and Powder Metal Presses / Pharmaceutical Equipment / Vacuum Equipment / High Vacuum Pumps and Gages / Special Machinery 
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MASTER - SLAVE 
MANIPULATORS 


to meet a wide variety of remote-handling 
problems are now available from 
Central Research Laboratories 


The Model 4 Master-Slave Manipulator, shown 
above, and other models, all developed from basic 
Argonne National Laboratory designs, are in cur- 
rent production. Manipulators with altered dimen- 
sions and special features can be supplied to meet 
individual problems. 


Write for further information, stating your special requirements. 


CENTRAL RESEARCH LABORATORIES, INC. 


DEPT. M.S., RED WING, MINNESOTA 





where the summations are redefined as 


n n 


\ = 3 (kit) 


Y Ahan 
t=1 
n n 


YS? = ¥ (sks), ete. (3a) 
— — 


ig=l 


It should be noted that this expres- 
sion gives the quantity of the species 
N, produced from a single ancestor 
and by a single path. If more than 
one ancestor is present at ¢ = 0 or if 
the species is formed by more than 
one chain of consecutive reactions, it is 
necessary to evaluate the partial con- 
tribution from each ancestor by every 
possible chain and to add these to get 
the total amount of the desired species. 
A similar summation process is in- 
cluded in the A;;”" coefficients of Van 
Wye and Beckerley. 

Calculations based on Eqs. 2 or 2a 
are greatly facilitated by adopting a 
standard calculating procedure. As 
an aid in evaluating the summations 
within the brackets, it is convenient 
to arrange the k’s in order of decreasing 
magnitude. Thus, in finding N;, if 
k, > kz > ks, the summations defined 
by Eq. 3 may be written: 


ky + ke + ky 


3 
ky ‘ + ko(ky + ks) + k;? 
aw 


3 
=k +4 
— 


3 
ae ee 


_ 


+ kB + ks', ete. 
— 





Summations 


= 1.2 + 0.6 + 0.02 (= 1.82).... 


= 1.2(1.82) + 0.6(0.62) + (0.02)? 
(2.182 + 0.372 = 2.554) 


= 1,2(2.554) + 0.6(0.372) 
(3.060 + 0.0223 = 3.082) 


‘ 
= 1.2(3.082) + 0.6(0.0223) 
(3.70 + 0.013 = 3.71) 


= 1.2(3.71) + 0.6(0.013) 
(= cresecece 


4.45) 
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With the usual spread in values of 


; : ‘ "ae 1m “ 
the k’s the latter terms rapidly become WETS ch es ter XJectroni cs 


insignificant 


Sample Calculation 
Problem: To find N;3/N,° with the 


following arbitrarily selected constants SPECIAL 
0.01 kt = 1.2 
3 xX 10-3 kat = 0.02 


bi = 08 DESIGNS 


Using Eq. 2a, we find that the value 
of the bracketed term becomes that 
shown in the tabulation below, and 
N 3/N 0.01)(3 X 107%) [0.282] = 


CH xX for your special 
It is evident that the bracketed term 


will not converge readily if any of the CONNECTOR 


k,t)’s are much larger than unity. requirements 


However, this means only that the 
species N,; is approaching 
with its parent (N,-.). 
ise it is generally permissible F5P-G F5S-G 
Eq. 2a by dividing by the 
and reducing the order (n) 











icketed expression. 

As an actual example to illustrate 
this case, consider the following prob- 
lem based on the reaction scheme 
studied by Van Wye and Beckerley: 

em: Calculate the concentration 





‘ in thorium irradiated in a 


1 flux of 10% for 10® seconds. F2S-8P-G 
- When your el demands 
ction of Fig. 1 of the reference | special design, Weedonee Electronics’ staff of experienced 
owe . 234 jc _ engineers is prepared to solve your problem — desi 
ws that Pa is produced with special ‘contact. sizes ond gns 
bv two paths: being developed to fulfill i : not satisfied by exist- 
ing connectors. And at Winchester, trained personne! and ex- 
tensive production facilities combine to assure you of the top 
(n,y) quality your equipment deserves. The Sales Department in- 
> vites your inquiries. For your convenience, a technical rep- 
resentative is ready to assist you by persona! call. 























Th**— Pa?** 


PHYSICAL AND ELECTRICAL DATA 
call a : : 


(n,y) 
Pa? ; a Pa?** 





the conditions of the problem, 





Factorial term Plus Minus 
IF GUIDE PINS ARE HOT DESIRED, OMIT “G" FROM CODE NOS. 


MONOBLOC* CONSTRUCTION mechanical st ength as well as high arc contact resistence, reduction of corre- 
eliminates and dielectric resistance. son and ease of soldering 


PRECISION MACHINED CON. POLARIZATION: Guide pins and guide 
stronger molded parts. TACTS: Pins trom brass ber (00-2611) sockets assure pesitive engagement. 
£0. 1063 MOLDED MELAMINE BODIES (in and sockets from spring temper phes- RACK AND PANEL MOUNTING: 
' accordance with MIL-P-14) mineral ad ber (00.87460). They are gold Lither 
filled — are and provide over sliver for consistent low § 


Wire or write for catalog 


on other types or advise WINCHESTER 
your special requirements. 
ELECTRONICS 


INCORPORATED 


+0. 0051 





). 0009 West Coast Branch: 1729 Wilshire Bivd., 
+0. 6114 0.3209 Sante Monice, Colifornia 


sae Dosscon | de tenner GLENBROOK, CONN., U.S.A. 
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In nucleonics — for insulation against heat, 
flame, moisture and grounding — use RE- 
FrasiL. A refined fibrous silica product, 
REFRASIL applications are virtually unlim- 
ited: An ideal insulation for power equipment 
..-electric muffle furnaces ...soldering iron 
heating elements... electric heating mantles, 
rheostats...and for thermocouple lead wire 
covering. If insulation is your problem — 
specify REFRASIL—the most versatile product 


of its kind in use today in many industries. 


IMPORTANT FEATURES 


* Chemical resistance of pure silica 
% Resists temperatures up to 1800" F. 
* Low thermal conductivity 

* Fiber diameter .00020-.00040 in. 

*% Specific heat .19 

* Thickness .14-.15 in. 

% Surface density .05 Ib./sq. ft. 


Light and versatile, RefRAsiL ~©BULK FIBER BATT 
is supplied in many forms, as 

illustrated, to meet virtually 

any insulation need 

SLEEVING 


CONSULTATION SERVICE 


Mail this ad with your letter 
head to nearest Refrasil Rep- 
resentative for consultation 
service — at no charge 


CORDAGE 


TAPE 


WRITE OR CALL YOUR NEAREST REPRESENTATIVE: 
EASTERN TEXAS, OKLA, & KANSAS: MIDWEST 
Thomson Engineering Service Burnie t. Wedd! 
708 Hemphill & 3219 West 29th St 
Fort Worth 4. Texos Indionopelis 22. ind 

Hickory 8685 


Volley 3135 Fortune 5 


THE H. |. THOMPSON COMPANY 
Sisal 
CALIF 


CORDOVA 


LOS ANGELES 7 


the values of kt become 
B 
6.5 X 10~° 
492 
3.7 x 10-* 
6.5 x 107° 
492 
0.292 


1.01 X 10¢ 1.01 X 104 


Since in each case both (kt) and (k4f) | 


indicate equilibrium conditions, Eq. 
2a should be modified by using only 
(kit) and (ksf) in the bracketed term 
with n = 2 and replacing the factors 
outside the brackets with 


(k’, t)(k’ot)(k’ st) 
(kot)(kyt) 


For the series of reactions shown in 
A, the value of the bracketed term 
becomes: 

— 0.292 
— 0.0042 


—().296 


+ 1.000 
+0.0426 
3 1.043 


N pats 
and ( — ) 
j The2/A 


(6.5 &* 107°)(1.5 & 10°*)(0.327) 
(492)(1.01 & 10°) 
[0.757] = 4.85 K 107" 


For the series of reactions shown in 
B, the value of the bracketed term 
becomes: 


— 0.327 
— 0.0058 


— 0.333 


+1.000 
+0.0535 
{ J= 1.054 


Np, 
and Nena ‘ 


(6.5 X 10-5)(492)(3.7 X 10-4) . 


(492)(1.01 x 104) 
{0.721] = 1.73 x 10-" 


The total amount of Pa*** produced is 
the sum of the amounts formed by the 
separate paths, or 1.78 & 10~-'* grams 
per gram of thorium initially present. 

The modified procedure produces a 
significant error only when applied for 
(kd) 25.0. For example, the frac- 
tional approach to equilibrium (1 — 
e*) represented by (kit) values in 
this range are 


(1 — e7~**) 
0.993 
0.982 
0.950 
0.865 

neutron 


Since values for the 


sections, decay constants, and neutron | 


cross 


BETA 


for the finest 


HIGH VOLTAGE 
POWER SUPPLIES 


Beta power sup- 
plies, from 200 volts 
to 250,000 volts, ar 
ilable from standard 
designs THAT HAVE ALREADY 
BEEN BUILT and are in continu- 
ous use by satisfied customers. 





Below are listed some of the scores of de- 

signs available: 

250—300 Volts, 600 ma—Model 252 

O—1000 Volts, 500 ma—Model 246 

0—2000 Volts, 2 ma—Model 223 

0—5000 Volts AC, | ma—Model 236 

0—10,000 Volts AC/DC, 30 ma—Model 
231 

O—15,000 Volts, 300 microamperes, regu- 
lated—Model 501-E 

0—30,000 Volts, 2 ma, Series 201, portable 
units 

0—30,000 Volts, 30 ma—Model 245 

0—40,000 Volts, 2 ma—Model 224 

O0—50,000 Volts, 2 ma—Model 242 

0—60,000 Volts, 25 ma cable tester— 
Model 2011 

0—100,000 Volts, 2 ma—Model 217 

0—150,000 Volts, 100 ma cable tester— 
Model 219 

0—250,000 Volts, 5 ma—Model 213 

Also available are ters, up to 200 

KV DC; electronic microammeters, 0.001 

microamps. sensitivity; portable projection 

oscilloscopes; electronic rheostats. 


Write for further details about any of the above or 
for a quotation on a power supply custom-built to 
your exact specifications. 





CONSULT OUR LOCAL 
FIELD ENGINEERS 


Field engineers throughout the country and abroad 
ore available for consultation. 

Northeast Brujac Electronic Corp. 
11 Park Place 

New York 7, N.Y. 

Neal Bear Corp. 

West Richfield, Ohio 
James E. Everett Assoc. 
2202 West Touhy Ave. 
Chicago 45, till. 

Earl Lipscomb Assoc. 
3561 Marquetts St. 
Dailas, Texas 

E. V. Roberts & Assoc. 
5068 W. Washington Bivd. 
Los Angeles 16, Calif. 
Stark Electronic instr. Ltd. 
Ajax, Ontario, Canada 
Rocke international Corp 
13 East 40 St. 

New York, N. Y. 


Or Call 
ENright 9-8520 


Ohio, Mich., 
Western Penn 
Chicago- 
Midwest 
Southwest 


Colifornio 


Canada 


ELECTRIC CORP. 


333 EAST 103 STREET 
NEW YORK 29, N. Y. 
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fluxes, seldom known to better 
than a few per cent at best, the modi- 
fied procedure is generally satisfactory 
for providing a series that converges 
In doubtful 
cases, a correction factor of (1 — e~**) 
applied to the first approximation will 
give a result even closer to the correct 


are 


in relatively few terms. 


one. 

Incidentally, there an obvious 
inconsistency in the plot of Fig. 4 of the 
reference article. The total destruc- 
tion of Th?** when 1 gram of thorium 
is the starting material is given by 
1 — e~*', At a thermal neutron flux 
of 10 and time of 10° 
seconds, this is for all practical pur- 
poses equal to Kool = 6.5 X 10-* grams. 
The sum of all product isotopes can be 
no greater than this, but the plot shows 
Pa? alone at roughly 2 X 10-7 grams. 
There could be a decimal point error 
in plotting this point, but I suspect a 
calculation error due to the use of the | 
exponential form of equation for very 


1s 


n/cm?/sec 





Exclusive combination 
lar-bi ular tube 


for photomicrography 
~ 








ch microscopes 
\ 


the STAR among tesea 


Another of the famous Leitz Microscopes 
«++ recognized everywhere as the 
finest microscopes made anywhere. 


Now helping to chart new frontiers in all fields 
of scientific research, the Leitz ORTHOLUX 


It is in just this| is world-famous for outstanding precision 
es form of | and quality. To make the ORTHOLUX more 
equation is most appropriate. Using | useful than ever, Leitz now offers a combination 
the equations and method of this letter monocular-binocular tube which enables you to 
the calculated quantities at 10° seconds | Photograph the microscope image without 

are 1.4 X 10-* grams of Pa®*;5 X 107° changing tubes. You change instantly from 
grams of Th®, and 4.2 X 107" grams | Microscopic observation to photomicrography. 
of Th*** when 1 gram of thorium is the | All the features needed for easier, 

starting material. The equilibrium | less tiring observation: 


small values of t. 


range that the power seri 


amounts are plotted correctly. | 
It is not clear whether the basis for | 
Fig. 4 is 1 gram of thorium at time | 
torattimet = 0. There is essentially | 
no difference up to ¢ = 10° seconds. 
Thereafter, the curves for all isotopes | 
would “decay” with the same mean | 
life as Th? if referred to 1 gram of | 
thorium at time t =0 but would| 
remain horizontal as shown referred | 
to 1 gram of thorium at time t. 
Henry C. Ort | 

Atomic Energy Commission | 
Washington 25, D. C.| 

| 


| 


U.8 


Need for a Radiation Society 
DEAR Sir: 


I would like to urge the formation or 
consideration of a radiation protection 
association, society, group (call it what 
you will) for closer communication and 
I first | 
noted the need for such a group while 
engaged health-physics work at 

srookhaven National Laboratory 


solution of mutual problems. 





even though liaison between practic- | 
ing health-physics groups within the! 
AEC program active). In my] 
present work radiophysicist 
(health physicist) with the New York| 
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was 


as a 


Built-in illumination system for 
transmitted or incident light 

Berek da =) Ai ‘ c aA ai 
Large, square built-in mechanical stage 
with low set drive 

Low set micrometer fine adjustment 

on double ball bearings 
Counter-balanced coarse focusing 





/ 
/ 
/ 


for nuclear track work / 


e 
: - 
alge oe at 


$e 


| A new series of objectives and ~~ 
| eyepieces designed especially 
for observation of cosmic ray 


“events” on nuclear tracks. Par- 
ticularly recommended for use 
with the Leitz ORTHOLUX and 
Type “B” stand microscopes. 
Also may be used on other | 
standard types of microscopes. | 


For further information write 
Dept. 104NU 


E. LEITZ, Inc., 304 Hudson St., New York 13, N. Y. 
LEITZ MICROSCOPES © SCIENTIFIC INSTRUMENTS © BINOCULARS 
LEICA CAMERAS AND ACCESSORIES 
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P 


HOTOMULTIPLIER TUBE POWER SUPPLY 


Prices 
$195 
To 

$215 


500-1500 Volts DC @ Ima. ® Voltage Selector Switches Provide 1% Accuracy. 
® Both Legs of Output Are Insulated from Chassis but Either May Be Grounded. 
*® Output Voltage Changes Less Than 0.05% from Zero to Full Load. © 10% 
Change in Input Voltage Causes Less Than 0.05% Change in Output. © Ripple 
Is Less Than 0.03% of Output Voltage. © Mounted on Standard 19” x 7” 
Panel. ® Available Also with 3” Panel Meter. © Wooden Cabinet. 


THERMOCOUPLE GAUGE FOR VACUUM SYSTEMS 


$69.50 

Plus $12.50 
For 
Thermocouple 
Tube 


Uses RCA Type 1946 Thermocouple Tube. © Measures 1.0 to .001 mm Mercury. 
® Meter Reads Pressure Directly. © Available with Tube Adapted for Metal 
Systems. 

SEND FOR LITERATURE 


Scientific Specialties Corporation 


SNOW & UNION STS. BRIGHTON STA. BOSTON 35 MASS. 








otograph it! 


A photo record is quicker, more accurate; 

and it may prove to be priceless. 

THE ADVANCED single-lens reflex design of the 35-mm. 

PRAKTICA FX makes it easier for you to get expert 
photomicrographs, oscillographs, extreme 

close-ups, copy work, etc., in color or black and white. Record 
lab and field observations. Take instrument readings. Quality 
control. Make graphic photos available to production, sales and 
ad departments, train personnel, etc. An excellent camera for 
the home photographer, too. From $99.50 to $199.50 (Tax incl.) 





The Praktica Co., Inc., 
48 W. 29 St., N. Y. 1 = \. 39 tested ideas 
Free for you! 
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PRAKTICA 


The Praktica Co., Inc. Dept. D-112 
48 West 29th Street, N. Y. 1, N. Y. 


Please send me a copy of “PHOTO- 
GRAPHY IN SCIENCE AND INDUSTRY,” 








35-MM. SINGLE-LENS REFLEX CAMERA 


State Department of Labor, the need 
is even more apparent. 

There are many individual organiza- 
tions engaged in radiation protection 
and detection of some sort. These 
include the various armed services, 
civilian defense, state and local public 
and industrial health groups, federal 
health groups, AEC contractors, the 
AEC itself, radiation consultants, 
schools, hospitals, the Interstate Com- 
merce Commission, the U. 8. Post 
Office, and many of those industrial 
firms using naturally occurring radio- 
active materials. The greatest con- 
centration of finances and manpower 
is, of course, in the AEC and its con- 
tractors. However, the magnitude of 
the problems of radiation protection is 
no less among the other interested 
parties. 

The main purpose of such a radiation 
society would be to concentrate the 
technical achievements and the phil- 
osophies of radiation protection of 
these separate groups and provide a 
forum for discussion on the specific 
problems associated with protecting 
personnel from ionizing radiations. I 
feel very strongly about this problem 
and have contacted you in the recogni- 
tion that your publication has appeared 
to offer the closest thing to a journal 
suitable for such a society. It is my 
understanding that members of the 
American Industrial Hygiene Associa- 
tion have been similarly concerned 
with this problem. I have noted that 
industry in New York has expressed 
interest in the clarification of hazards 
to be associated with the use of radio- 
active materials and radiation in indus- 
trial processes. However, no central 
office is available for consultation other 
than the AEC itself. 

In the course of this discussion, let 
us remember that the AEC has been 
entering the field of industrial safety 
on a new scale. Heretofore, the 
various state and local groups held 
themselves primarily responsible for 
problems of industrial hazards and 
public health hazards. This responsi- 
bility for the control of health hazards 
by the AEC extends only to reactor- 
produced materials and some ac- 
celerator products. The volume of 
X-ray equipment and naturally ocecur- 
ring radioactive material outside the 
responsibility of the AEC is probably 
presenting hazards to more persons 
than are currently being carefully 
supervised by the AEC. It is the 
equating of these types of exposure 
to radiation, AEC and non-AEC, 
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FOR MEASURING 
RADIOACTIVE 
EMISSION 


= ah ae 
POE oat a 


i¥ 


PRECISION IONIZATION Mi 
(Failla Design) 


This complete measuring instrument is 
designed primarily for null methods of 
radioactivity. measurement where back- 
ground radiation effects must be elimi- 
nated. It consists of a heavy stand sup- 
porting twin spherical ionization cham- 
bers, Lindemann Electrometer with il- 
lumination and projection system, to- 
gether with standard condenser and 
voltage supplies. 


Other CAMBRIDGE Instruments 


LINDEMANN- 
RYERSON 
ELECTROMETER 


has high sensitivity and good stability. 
Does not require leveling. When reading, 
the upper end of the needle is observed 
on a scale illuminated through a window 
in bottom of case. Size 8.3 x 6.5 x 3.5 
cm. Weight 0.17 kg. 


CAMBRIDGE 
BLE PROJECTION 
VIEWER—This new 
Projection Viewer, 
used in conjunction 
with the inde- 


mann-Ryerson Elec- | 


~ » trometer, facilitates 
is. observation of the 
defiection of the electrometer pointer. A 
beam of light from a lamp in front of 
the case projects the image of the index 
pointer onto a mirror in the rear. of thie 
case. This image, magnified 100 times; is 
then reflected upon a translucent screen, 
clearly visible in the front and upper 


part of the case. This screen is 120 mm. | 


long and is divided into 120 divisions 


numbered 60-0-60. The pointer is zeroed | 


by grounding the electrometer by means 
of a rubber bulb. 


“CHANG and ENG" FAST NEUTRON DETEC- 


TOR follows closely original design of | 


U. S. Atomic Energy Commission. Con- 
sists of twin ionization chambers, Linde- 
mann Electrometer, reading microscope 
and dry cells. Self-contained. 

GAMMA RAY POCKET DOSIMETER is a per- 
sonnel monitoring instrument to measure 
cumulative exposure to gamma or x-rays 
over a given period. Contains an ioniza- 
tion chamber, a quartz fibre electrometer 
and viewing system. 


Send for lete informath 


CAMBRIDGE INSTRUMENT CO.., INC. 


Pioneer Manufacturers of Precision Instruments 
3774 Grand Central Terminal, N. Y. 17, N. Y. 
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PORTA- | 


| that is strongly needed. Local health 
groups will need to draw on the experi- 
ence of the AEC groups with regard 
|to experimental data on tolerances, 
| instrumentation, and training, and 
| these groups are now actively trying 
‘to do so. The training of qualified 
“‘experts”’ in the field of health physics 
remains a considerable step in solving 
non-AEC problems. 

Perhaps other readers of NuCLEONICS 
might be interested in commenting 
on the idea of a central group of 
persons primarily interested in the 
protection of personnel from radiation. 

Sau. J. Harris 
Associate Radiophysicist, Division of 
Industrial Hygiene and Safety Standards 


Department of Labor, State of New York 
New York, New York 


(NUCLEONICS has felt the need for 
some time for a single society rather than 
numerous professional groups which 
cover only portions of the nucleonics 
field. We welcome suggestions from our 
readers on this whole question.—Editor) 





REPRINTS AVAILABLE 
e 
NUCLEONICS can supply single 
copies of reprints of the fol- 
lowing articles without charge: 


Basic Problems in Central-Sta- 
tion Nuclear Power 

W. H. ZINN 
The Atomic Energy Act and the 
Power Question 

BENNETT BOSKEY 
Radiation Tolerances and Gen- 
etic Effects 

HAROLD H. PLOUGH 
Engineering Aspects of Liquid 
Metals for Heat Transfer 

THOMAS TROCKI 


Pulse Amplitude Analysis in 
Nuclear Research 


(a collection of four articles) 
A. B. VAN RENNES 


Please address your request to; 
REPRINT DEPARTMENT 


NUCLEONICS 


330 West 42nd Street 
New York 36, N.Y. 
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IF 


Hig 


Time delay © Gas analysis 


© Volume limiting ¢ Surge 
protection ® Vacuum ma- 
nometry *® Flow measure- 
ment ¢ Temperature con- 
trol © Temperature meas- 
urement ©® Radar power 
measurement ® Temperature 
compensation ¢ Orcillator 
stabilization * and a host 
of new applications being 
developed every day. 

Send for free literature. 


Telephone: UNionville 2-7150 














PRODUCTS anno MATERIALS 


Reactor Controls 


Radiation Counter Laboratories, Inc., 
5122 W. Grove St., Skokie, lll. Com- 
plete nuclear reactor control instru- 
mentation, made to ORNL specifica- 
tions, is now available. Included are: 
period amplifier, logarithmic count-rate 
meter, sigma amplifier, power supply 
for compensated ionization chamber, 
magnet amplifier, log n amplifier, Oak 
Ridge Al linear amplifier, micromicro- 
ammeter, period recorder, log n re- 
corder, parallel circular plate chamber, 
and compensated ionization chamber. 
In addition, services and counsel are 
offered in the small 
research 


installation of 


experimental reactors and 


experimental critical assemblies. 


Labeled Compounds 


Tracerlab, Inc., 130 High St., Boston 
10, Mass. Urea-C' is available with 
a specific activity of 1 me/millimole. 
Minimum quantity is 1  millicurie. 
Other labeled 
available, and special orders can be 


filled 


compounds are also 


Shielded Glove Box 


Lermac, Inc., Berkeley, Calif. This 
portable, unitized glove box consists of 


124 


a three-sided lead shield with one or 
more lead-glass windows and custom- 
built equipment boxes. Mounted on a 
dolly, the shield is designed so that 
equipment boxes can be slid into place 
behind it. In one unit built, nianipula- 
tion is accomplished with tongs that 
slide in and out of lead-filled balls 
fitted in lead sockets. Sliding doors 
on the sides of the box permit easy 
access to the interior. A filter system 
extracts 99.8% of particles 0.3 microns 
or larger from incoming and outgoing 
air; a slight negative pressure is main- 
tained so that leakage will be 
inward. 


any 


Ultracentrifuge Batch Rotor 


Specialized Instruments Corp., 668 
O'Neill Ave., Belmont, Calif. Batch 
samples as large as 1,600 ml can be 
ultracentrifuged up to 20,000 
under controlled temperature condi- 
tions, in this bowl-type rotor designed 
for use with the model L preparative 
ultracentrifuge (NU, March, ’51, p. 
91). At this speed, material is sub- 
jected to maximum and minimum 
centrifugal forces of 43,380 and 16,770 
The rotor is designed 


rpm, 


times gravity. 
particularly for gelatinous precipitates; 
all parts can be sterilized when han- 
dling infectious materials. It consists 
of the main bow! with two internal 
grooves for efficient packing, removable 
central core to prevent sloshing and 
minimize unbalance and stir-back, and 
a lid-handle assembly. Plastic tubing 
can be inserted in the core for dis- 
charge of supernatant fluid. Packed 
sediment can be resuspended with 
stainless-steel balls and a motor-driven 
rolling fixture accessory; a magnet is 
supplied for withdrawing the balls. 





Pulse Generator 


Rutherford Electronics Co., 3707 S. 
Robertson Blvd., Culver City, Calif. 
Controlled by helical potentiometers, 
the model B-2 pulse generator pro- 
duces pulses of variable width, ampli- 
tude, delay, and repetition rate, with 
duty factors up to 25%. An internal 
oscillator provides rates from 10 cycles 
to 100 ke per sec in four decade ranges. 
External triggering or single-pulse 
operation may be used. The main 
pulse may be delayed from 0 to 10,000 
usec from the synchronizing pulse in 
five decade ranges. Main pulse width 
is 0.2—1,000 usec in four decade ranges; 
rise time is 0.02 usec; fall time, 0.05-0.1 
sec; maximum amplitude into an 
open circuit is 100 volts; and internal 
impedance of the output is 100 ohms. 
Available synchronizing pulses are: 1.5 
psec before main syne pulse, main syne 
pulse, 1.8 ywsec before leading edge of 
main pulse, at leading edge of main 
pulse, and at trailing edge of main 
pulse. 


Multichannel Scaler 


Radiation Instrument Development 
Laboratory, 2337 W. 67th. St., Chicago, 
iil. The model 14 multichannel scaler 
is available with 2, 3, or 4 channels, 
each channel consisting of a scale of 
10, 100, or 1,000 and a 
Input sensitivity for each 
channel is 3 volts. 
of the scaling units is less than 5 psec 


mechanical 
register. 
Resolving time 


to pulse pairs; register speed is 15 cps 
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for evenly spaced pulses. The count 
and reset operation of each channel can 
be controlled individually or by a 
master control. Provision for remote 
operation has been made. 


AN ISOTRONIC 
DC POWER SOURCE 
Gamma-Ray Survey Meter ACCURATE TO + 0. O18 Model E-6/2-5 


Nuclear Research Corp., 2563 Grays The best of spectrophotometers operates erratically when input power looks 
Ferry Ave., Philadephia 46, Pa. The like this 


model SM-3A portable scintillation é 
survey meter, using an RCA 6199 6 voc 
photomultiplier tube and sodium- 2 voc 














iodide-thallium phosphor, indicates 
gamma-ray flux in the ranges zero to instead of like this 
5.0, 0.5, and 0.05 mr/hr. Two time 
constants are provided, 1 see and 10 








6 voc 
2 voc 





sec; accuracy is +5% for any reading. 
The amplifier is designed to follow the 














detecting systems; Nigh-weinge angry Haven’t you been plagued by input voltage drop, particularly in the course 
of long-running experiments? Or have you had to interrupt or defer work 
while batteries were being charged or replaced? 

The Sorensen Model E-6/2-5 Nobatron* has been specifically designed to 
exclude this difficulty. Using it, you can be sure your equipment is getting 2 
and 6 volts DC, plus or minus 0.01%, with that accuracy maintained 
indefinitely at normal room temperature. 

Furthermore, circuitry developed for the Model E-6/2-5 Nobatron is advanced 
in simplicity, involving no moving parts. That means easy maintenance, 
trouble-free operation. Write for information. 

SPECIFICATIONS 


Input voltage range 95-130VAC, 1, 50-60 cycles 
Output 

#1 for lamp 6VDC adjustable +10% at 5 amperes 

#2 for filament 6VDC at 100 Ma. 

#3 for bias 2VDC adjustable +10% at 100 Ma. 
Filtering 

#1 1% mox. 

#2&3 0.05% max. 
Regulation accuracy +0.01% against line changes 
Time constant 0.1 seconds under most severe line changes 
Size: 17 x 12% x 17 self contained 

19 x 12\4 panel for relay rack mounting 
Weight: Approximately 90 pounds 
Meters: No meters are provided due to the extreme 
regulation accuracy invol 


is all electronic. The batteries give a 
200-hr life for 8-hr/day operation. 
The entire probe is waterproof. 
Weight of the unit is 7 lb 6 oz. 


Se RA REE 


ONTO DLO 




















*Reg. U.S. Pat. Off. by Sorensen & Co., Inc. 


FOR THE LATEST AND BEST IN ISOTRONICS... 
Electrometer Tube 


re PERE 

Raytheon Manufacturing Co., Re- fe, 3 

oy Bea “ff! SORENSEN 

Newton, Mass. To provide complete| =" on 

isolation for the top-of-tube grid lead, | SORENSEN AND COMPANY © 375 FAIRFIELD AVE., STAMFORD 3, CONN. 
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N AT i Oo N A L ~ IAC | N Cc the CK5889 subminiature pentode 
A D tf e electrometer has a conducting guard 
ring around the body of the tube. 


announces production of Maximum control-grid current is 


3 X 10-'* amp for pentode operation; 


4 . e e 7 
T 2 First Rea y Good Scinti ation Plastic : the tube can also be operated as a 
triode. The filament uses 7.5 ma at 
COUNTING RATE 90% of a good 1.25 volts. For pentode operation, 
anthracene crystal of same weight. transconductance is 10 wmhos, plate 
current is 4 wa at 12 volts, and screen- 
PULSE HEIGHTS 70% of a good | grid current is 4 wa at 4 volts. The 
anthracene crystal amplification factor is 250. Control- 


grid voltage is ~2 volts. 
. DECAY CONSTANT 1.0 x 10° 
J 
Kee <— sntnaacone sec. faster than anthracene. 
et .y | 


“"masne | ——>\| Costs far less than crystals 
Efficient 
Durable 

enceampeatoe Votrs Highly Transparent 


NO OF COUNTS Pan mnyTE 


Can be supplied No limitation on 
CAST, SIZE, 

MACHINED or SHAPE or 
MOLDED QUANTITY 


Send for information stating your requirements 


NATIONAL ie Ss ae so rye . 
Dept. N-1 
10 Crawford St. Newark 2, N. J. Combustion Tube Furnace 





Hevi Duty Electric Co., Milwaukee 1, 


he Wis. The pes 70-T hi wad : d 
KON i ES Meets t High Vacuum Needs 70 solid bal Pinca ane 
SE 


of the Nucleonics industry ! ! a maximum working temperature of 


1,000° C, which is reached in 40-80 
min. Tap-changing transformers pro- 


vide 36 steps of temperature control. 
The nickel-chromium-wire heating unit 
is replaceable by the operator. Fur- 
naces operate on 115 or 230 volts. 





= 


YPICAL of KONTES’ ability to produce for the Nucl dP lai 
exacting glass app s is evid d by the above picture. Armored Porcelain ‘ 


Shown here is a reseacher preparing apparatus for the synthesis of a com- 
nomi Give cathe Wi Ue Radislentnge tabeesteny ot €. R. Lapp Insulator Co., Inc.,, LeRoy, N. Y. 
Seuibh & Sons, New Brunswick, N. J., where a study of the metabolic processes For work where corrosion and con- 
ing organisms, using radioisotopes as tracers, is being tamination must be avoided, valves 
Write For Information On Your Requirements and piping of fully vitrified porcelain 
are now available in the Tufclad 
K 0 NnTeé J 6 LA S S fl 0 m PA n Y line, armored with Fiberglas-reinforced 
: : plastic. The oven-cured armor is 
mee | VINELAND NEW JERSEY so applied in multiple layers of Fiberglas- 
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Hi-D° 
LEAD GLASS WINDOWS 


= = 
be Precision 
WIDE ANGLE Pa ~* 
«3 Lt ire Wound Resist 
é 2 Wire Wo sistors 
" a Y 
SNE 


RPC Resistors are high quality units designed to meet the most stringent 
requirements. They are widely used in large quantities by laboratories, 
instrument manufacturers, and the Armed Forces and their suppliers. Sizes 
available are in accordance with JAN-R-93, RB1O to RB14 and RBS51. Ter- 
minals may be wire leads if required. Resistance tolerance to 0.02% is 
available. All resistors are treated against humidity and fungus growth. 


Hi-D Lead Glass Windows in con- 
crete walls are dry, and hence are 
completely dependable. Where the 
viewing problem is mainly wide-i 
angle vision, Hi-D Glass is fully com- 
petitive in price with zinc bromide. Write today for catalog. 


eo sayin ie Also manufacturers of High Voltage Resistors, High Megohm Resistors and 
ngineering Manuva High Frequency Resistors. 


senomneee || WBE RESISTANCE PRODUCTS Co. 


666 ADAMS ST. > SEATTLE 8, WASH, WA WAR 714 RACE STREET . HARRISBURG 2, PA. 
































METALLIC SINGLE CRYSTALS 


Single Crystals of the following high-purity metals and alloys 
are now available: 
Copper Tin 
Zinc Bismuth Nickel 
Lead, Aluminum Permalloy 
Cadmium Brasses Cobalt 
Iron-Nickel Alloys 
Available in rod form }” to 14" diameter up to 10” long. 
Special shapes provided upon request. 
We will be glad to answer your request for information on 
i conten . prices, specifications, and special problems in this field. _ 
longhand -copyin rophs, charts, ~~ 
ore" Scsieane @ heen suns | HORKTZONS INCORPORATED 
copied monuscrio @ or ports of pages || 2891 E. 79TH STREET CLEVELAND, OHIO 
an ocuments are rom books that 


letter-perfect, need can't be taken from 
no checking library? 


YOU CAN! . 

... with the new Moving? 
Contoura— If you are moving (or have moved), tell us about 
Portable PHOTO-COPIER it, won't you? Your copies of NUCLEONICS will 
ee a not follow you unless we have your new address 
ruly portable; fits in briefcase or de immediately. Make sure you don’t miss a single 


drawer. Copies anything, anywherel 


Bonishes —_ a em rny ao important issue . . . and help us make the cor- 
copying, an uggin vy - ° * 

umes to photocopy company. Ideal for rection as speedily as possible by giving us your 
nuclear research. Saves time, expense, | old address, to 

effort, errors. Accurate. Guaranteed. As 


little as $39. Write for free foluer. NUCLEONICS 


Circulation Dept. 
thy esti oie bre ary 330 W. 42nd St. New York 36, N. Y. 
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woven cloth, impregnated with modi- 
fied phenolic resin of high adhesive 
Beta strength for bonding to porcelain and 

R E F E R t i) C 5 S 0 U R C r S between layers of cloth. The armor 
shell is claimed to cushion porcelain 
against impact damage and to protect 
it against thermal shock; it is also 
said to be capable of holding operating 


Five calibrated sources of beta activity for standardiza- 
tion of counters, quantitative determination of unknown 
radioactive samples, calibrating of other sources, etc. 


F line pressures against gross leakage 
Boxed set includes sources and two mounts and extra 


even though porcelain is broken. In 
planchets for duplicating geometry of the sources with un- addition to being available on standard 
known samples. Broad range of beta energies, including valves, pipes, and fittings, the armoring 
method is adaptable to such special 
Carbon-14 0.15 MeV shapes as tower sections and nozzles. 
Cobalt—60 0.31 MeV 
Thallium—204 0.78 MeV 
Bismuth—210 1.17 MeV 
Protactinium—234 2.32 MeV 


RADIOACTIVE SOURCES of all types. 
A complete line for Atomic Medicine. 


TECHNICAL OPERATIONS 


INCORPORATED 


6 Schouler Court, Arlington 74, Massachusetts 








Miniature Circuit Breaker 

Mechanical Products, Inc., Box 116, 
Jackson, Mich. The Mini-breaker is a 
jresetable circuit breaker that can be 


| . 
INTERNA | IONAL jscrewed into a standard fuse socket. 


Designed for 110—120-volt a-c circuits, 


HIGH VACUUM it is available in 15, 20, and 30 amp 


ratings. A thermal latch mechanism 

COMPOUND PUMPS trips on short circuits or extended 

overloads, opening the line circuit. It 

is claimed that the unit is trip-free, 

Mew Model 116 : Ways a Better Pump: and any attempt to reset it against an 
16 CFM Free Air overload or a short circuit increases 


mail = 1. SIMPLIFIED CONSTRUCTION [the speed of tripping, 
= 2. ROTARY VANE 
3. AUTOMATIC LUBRICATION 
4. HIGH EFFICIENCY 
5. QUICK RECOVERY 
6. RUGGEDLY BUILT 


Speed production and reduce maintenance with these 
ready-to-operate, high efficiency vacuum pumps! 
International rotary vane pumps are ex- oe acne —— 
tremely compact and operate unusually 

quiet. Simplified construction and auto- 

matic lubrication assure trouble-free op- Vacuum Tester 

eration, long life and low-cost upkeep. i 
Pump mechanisms are totally oil sub- M rk Gits Bros. Mfg. Co., 1866 S. Kilbourn 
merged, preventing atmosphere to vac- , 3 N Ave., Chicago, Ill. This vacuum 
uum leakage. 








tester, consisting of a vacuum pump 
5 Coen ap and instrument panel with attached 
testing plate, tests such things as 


diaphragms, cylinders, pneumatic 
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HOW TO é () | For PRECISION Requirements 


SOLUBILIZE 2 2 WELWYN 


HIGH STABILITY 
CARBON RESISTORS 
Welwyn carbon deposit resistors are made to conform 


There are few effective ways to remove radio- : exacti lectroni 
active contamination. One is to solubilise the to tolerances dictated by the most reabes “a 
offending material and rinse it away with large H igi i con i in these 
quantities of water. Another is to remove the eepreenes. Rigid quality erols mainte ‘ 
soil by detergent action. Neither method is precise standards to within the narrowest margins. 
tirely satisfactory. 
However, Versene (the sodium salt of ethylene ohm: gohm: i ° 
diamine tetrz etic acid) is a particularly Values range from 10 s to 50 me > = om 
efficient dec inating agent. it dissolves and ings of 1/, 1/2, 1, and 2 watts, and at tolerances of 1%, 


penne tm yy nn Rk Em 2% and 5%. Welwyn Resistors have a high order of 
pn Dy hm ga stability and retain their characteristics over widely 
MR Ang hn A Ry — changing conditions of load, temperature, voltage, 
— 5 gp en Fog Fe A an and ageing processes. Inductive and capacitive react- 
@ remecdh, They a0 “Tey baa ee ances, and Johnson Effect are exceedingly low to 


rs cals 
Write Dept. I for Technical Bylistin No. 2. H extremely high frequencies. 


Samples on request. rade Mark 
/ Specifications, Write to: 
BERSWORTH CHEMICAL CO. For Complete Data and Specifications, Write to 
FRAMINGHAM, MASS. SALES REPRESENTATIVE 


ROCKBAR CORPORATION 
211 EAST 37th STREET, NEW YORK 16, N, Y. 


PAPE cree EC) On EN. a MRO ES 


WORLD'S FINEST IN-STOCK 


INDUSTRIAL ELECTRONICS 


PARTS CATALOG 


‘by Rider and Uslan 
NEW 200-PAGE ; 
| 1, The most complete source of practical, usable 
1953 EDITION concerning the ever 
JUST PUBLISHED! Kind 


SENT your oan DOSIFILM 


aga n= agen a ' tt 

is COMPLETE from The feal erwerg 

YR. Over 15,000 list. | film badge 

ings of components 

and equipment, plus 

details, pictures, 

lowest net, prices. e Loaded weight of ¥ ounce 
mo head tad many.  Water-tight film protection 
acturers. u 7 Adjustable clip 

data! Th fi d 

buying. and, reference e Film identification 
Eineers, designers, © Energy-discriminating filters 
—— civi = F h 1 ott Heakt | 
ence, Government, or this and other Health | 

er ‘cE Fer Physics services, write to: | JOHN F. RIDER, Publisher, Inc. 

your ay Actes: Berns 480 Canal Street, New York 13, N. Y. 

Department # R-C Scientific Instrument Co. By ty ny Th ne} 

refund. 


RADIO SHACK  — 


ORPORATION 




















167 Washington St., Boston 8, Ma ee é me 
ede hema © “First in Scintillation Counting Equipment 
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Scientifically 
Tested and 
Registered 
for Extreme 


AiR 
PURIFICATION 


THE M.S. A. 
ULTRA-AIRE 
SPACE FILTER 


Rigid, controlled testing is a vital part in 
the manufacture of the M.S.A. Ultra-Aire 
Space Filter. Before shipment, each filter 
is examined by modern, accurate instru- 
ments for filtering efficiency and resistance. 
The results are recorded and registered. 
Guaranteed at least 99.95% efficient 
against 0.3 micron diameter chemical 
smoke (Standard DOP Test) . . . permits 
maximum air flow with minimum resist- 
ance... rated capacities are at 1"’ of water 
initial resistance . . . available in sizes to 
meet any need. Write for details today. 





Other M.S.A. Equipment 
Air Sampling, Beckman Radiation and Gas De- 
tection Instruments—Synthetic and Rubber Cloth- 
ing—Sofety Signs—Respirators—Oxygen 
Breathing Equipment—First Aid Materials. 











MINE SAFETY APPLIANCES CO. 


Braddock, Thomas and Meade Sts., Pittsburgh 8, Pa. 


At Your Service: 
74 Branch Offices in the United States and Canada 


Representotives in Principal Cities in Mexico, Central ond 
uth America 


Cable Address *MINSAF” Pittsburgh 


SAFETY EQUIPMENT HEADQUARTERS 


Call the M.S.A. Man on your every safety problem 
++ « his job is to help you. 
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valves, surface porosity and flatness, 
and sealing of complete assemblies. 
Plate size and composition may be 
varied to meet specific needs. The 
tester is available without the vacuum 
Optional equipment includes 
The vacuum 


pump. 
a remote-control starter. 
adjustment and time-cycle adjustment 
can be adjusted separately. 


Water-Vapor Indicator 


American Instrument Co., Inc., Silver 
Spring, Md. Water-vapor 
of compressed gases, within the range 
of saturation, may be measured down 
to 0.003 mg/l with an accuracy of 
10% with the Aminco-Weaver indica- 
tor. Measurements are reproducible 
to 0.002 mg of water per liter. Deter- 
minations are made in 2 to 5 min. 
The vapor content is determined by 
comparison with the 
content of a standard gas. 


content 


water vapor 


Research Magnet 

Varian Associates, 941 Varian St., 
San Carlos, Calif. Magnetic fields 
up to 40,000 gauss are provided by the 


TECHNICAL 
ASSOCIATES 


INSTRUMENTS FOR 
NUCLEAR RESEARCH 


Manufacturers of Scale-O-Matic counting 
circuits, Geiger counter tubes, scintillation 
counters, civilian defense instruments, 
chemical dosimeters, portable radiation 
detectors, and lead shields. 


JUNO 
SURVEY 
METER 


Measures alpha, beta, and gamma radia- 
tion. 3 sensitivity ranges. Portable, light- 
weight, battery-operated. Available in 2 
models: SRJ-1 (standard range), HRJ-1 (high 
range). Write for Bulletin No. 125. 


LEAD SHIELDS 


Shields and acces- 
sories available for 
any purpose. Write 
for bulletins describ- 
ing our complete 
line. Inquiries re- 
garding special 
shields ore invited. 


Technical Associates offers a Film 
Badge Service, with choice of badge, 
wrist, or finger film. Prices on request. 


TECHNICAL 
ASSOCIATES 


140 West Providencia Avenue 
Burbank, California 


November, 1952 - NUCLEONICS 





Ceramic to Metal 


Approach control and 
Measurement problems stupakoll # ASSEMBLIES 


with this thorough The rotor shafts shown here consist 
engineering of metal bands attached securely to 
treatment of _ ‘ ceramic rods and are typical of 
; ats > Stupakoff precision manufacture. 
—Fundamentals E On a mass —— nag con- 
= si ’ ; centricity of components, for ex- 
—Methods : | ees . ample, is held to less than + 0.001 in. 
—Applications | coe _ ikewise, the strains and spreaders, 
: stand-offs and trimmers shown be- 
is Gis wow ont a bee low meet the exacting requirements 
you will find a practi- ‘ of the service for which they are 
cal wide-ranging treatment a } re, made. 
of the theory of instrument ‘ Readily available in production 
design, for the use of both the engineer who is roc 4 s 3 * 
setting up an instrument system—designing the | P ‘ ‘ 4 ; quantities, Stupakoff hig -prec ision 
qe, sletng the Seatrumens, ood Ss | ceramic assemblies offer opportuni- 
designing new instruments. The books cover all | a . Fi ties to reduce costs, increase pro- 
ao aby = my Sean po we a Rae oe: a, ; duction and improve electrical and 
elementary fire-control systems. | | : ; electronic equipment. 


font See STUPAKOFF CERAMIC & MANUFACTURING CO. 


INSTRUMENT soalheon 


VOLUME | 
METHODS for DESCRIBING the 


SITUATIONS of INSTRUMENT ENGINEERING 
By C. S. DRAPER, W. McKAY, and S, LEES 
The Massachusetts Institute of Technology 
269 poges, 8} x 11, 93 illustrations, $6.00 











Ts first volume of a three-volume work de- 
velops a broadly useful system of concepts, 
notations, diagrams, and mathematical forms for 
describing the performance of physical devices 
and variations in physical qualities. It lays a 
foundation for the solution of problems by in- 
strument systems rather than design details. Any 
problem may be handled by the generalized pat- 
tern outlined, or it may be handled with the 
names and notations ordinarily used by workers 
in the fields of engineering in which they occur. 
Contributions come to the book from the various 


fields of mathematics, physics, and engineering. For Com t-Portabl: Equipment 


COMING SOON! | SOCKET TYPE TUBE 


VOLUME II: Methods for Associating 
Mathematical Solutions with Common Forms MODEL G-11-2 
Model G-11-2 is a thin wall, all-glass 


Geiger tube that can replace the stand- 
ard, thin wall tube in every application. 
Because of its compact construction, it is 
SEE THESE BOOKS 10 DAYS FREE especially suitable for portable equip- 
ment, and equipment where space is at 
u a minimum. it is excellent for field work 
McGraw-Hi = 2 St. 4 oo 
eae ay ag We. Gand Be | due to its adaptability and ease of BENCH MODEL SO 
Send me book(s) checked below for 10 days’ installation. 
souls te | book(s "Tio. crea = A four-prong socket wired to RMA specifi- 
delivery, and ‘return unwanted book(s) post- cations permits quick, easy installation | @ OUTPUT #1: 0-500 VDC at 
paid. (We pay for delivery if you remit with and eliminates the need for soldering. 500 ma regulated 


this coupon; same return privilege.) 


Dra McKay and_ Lees UME | SPECIFICATIONS @ OUTPUT #2: 0-50 VDC, 





VOLUME Il!: Applications of the 
Instrument Engineering Method 





@ INPUT: 105-125 VAC, 50-60c 


| MENT ENGINEERING, VOLUME I— 0-200 VDC Bias Output. 
$6.00 Overall length... . 6 inches mox. 

l, Also, send following as soon as published: Outside diameter of Gabe. 4 inch mox. @ OUTPUT #3: 6.3 VAC at 
Draper, McKay and Lees—INSTRU- § | Outside diameter of base....1.165 inches max. | 5A unregul 


| 


Length of thin section. . 3 inches @ OUTPUT #4: 6.3 VAC at 


approx. price—$6.00 Wall thickness. . ‘ 30 mg/cm? lated 
Drapes McKay and Lees—INSTRU- Threshold........... ; 825 + 25 volts 5A unregu 
MENT ENGINEERING, VOLUME III it Plateau slope 3% per 100 volts © RIPPLE OUTPUT: Less than 


MENT ENGINEERING, VOLUME et 


—approx. e— $6.00 Whi ; ate a. 
eae ‘Ox. pric Filling. . .Self quenching, temperature sensitive. | 8 millivolts rms 


Name Write for further details | fer complete information write for Bulletin N 


a amaaiegly Maids igen nm: ABLE SCIENTIFIC 
[ company : baal GLASS APPARATUS CO. 


Position p< 
This offer applies to U Ss. cule, 5041 W. Lake St. Dep't NU Chicage 44, Iilinois 
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model V-4012 research magnet. Typi- 
cal gap fields with the following pole 
diameters and with 4-kw input to the 
| energizing coils are: 12-in. diameter, 
54¢-in. air gap—7,000 gauss; 12-in. 
diameter, 1%4-in. gap—13,500 gauss; 


MADE TO YOUR \ l-in. diameter, '4-in. gap, 1¢-in. axial 


hole for Zeeman-effect observations— 


SPECIFICATIONS 40,000 gauss. With the 12-in. diam- 
field is 


TE S eter and 134-in. gap, the 
TECHNITROL Type : uniform to one part in 50,000 per 


cubic in. of air gap; maximum air 


RMERS \ gap of 544 in. is possible. For high- 
¢O N field studies, tapered pole caps are sub- 
esis \ stituted for flat ones. Model V-2100 
Pte | a power supply is designed for use with 
NOW YOU CAN SIMPLIFY this 5,600-lb magnet. 
SEAL AND MINIATURIZE YOUR 


ical size—3/4" : 
Currently <p Sr neds of No. 20 SHORT-PULSE CIRCUITS 


ire made to your order within the following \ INDUSTRY NOTES 


. S 
nge of specifications : VIREMENTS 
' na Width 0.1 to 2.0 microseconds RITE US YOUR SPECIAL REQ! Computer Corp. of America, 149 


; , ntem- . » of ey 
Maximum Pulse Repetition ae Pea including a brief — nshygatge et Church St., New York 7, N. Y., has 
Operating Range plated circuit, or as 0 inaugurated a service furnishing solu- 


rovided, either woe ' | : | 
Bh irtngersoine _ —. tions to complex problems in dynamics. 
\ inverting or non-inverting. : 


Problems will be accepted for analysis 





LOOK AT THESE PRICES! and solution whether or not a computer 
to 3 $7.50 each X ‘S | is required. 
4to 10 > = SS 
11 te 100 Hr po N H N é T R Ol Walter Kidde Nuclear Laboro- 
Write us for quotations for quantities NN ENGINEERING COMPANY tories, 140 Cedar St., New York, N. Y., 
has announced the appointment of 
Charles W. Hammond as head of its 
mechanical engineering department. 





AS SN $$¥8:YQQQ\9 QA QM 2751 North 4th Street, Philadelphia 33, Pa 
ESV“ SS . 
S 





P Isotopes Specialties Co., 3816 San 


+ 
a li * 2 
Specia izing in Fernando Rd., Glendale, Calif., has 


placed R. E. Selff, formerly of the 
earbon-14 group at the University of 
an California radiation laboratory, in 


charge of organic syntheses. 


for the Nuclear Field eee Foster D. Snell, Inc., 29 W. 15th St., 


We are supplying valves to meet the exacting requirements of most new New ¥ ork . l 1, N p> Y., has announced 
and existing installations of the AEC. the availability of its radiology depart- 
Our valves are used in both laboratories and production lines thru a ment facilities for industrial application 
pressure range from high vacuum to 4000# PSIG, temperatures up to of radioisotope techniques. The de- 
1000° F. Higher pressure and temperature valves are now being fabri- ‘- . 
cated on orders received from AEC plants. We solicit your inquiries for partment has done work in such fields 
special valves. as radiological decontamination, and 


Write for additional information on any of the follow- application of radioisotopes to agricul- 
ing types valves: ture, surface chemistry, and analytical 








Needie Vacuum Regulator procedures. 


Globe Diaphragm Motor 

Air Cylinder Relief and Safety P Radiation Counter Laboratories, 

Solenoid Bellows Packless Inc., 5122 W. Grove St., Skokie, IIl., 

Electric Motor Diaphragm Packless 
Piston Actuated 


SS). 
~~, 
ees 


has appointed C. Gilbert Goss as 
director of electronic research. Mr. 
Goss was development engineer in 
electronic circuitry at ORNL for the 
Catalog A52 available upon request. past four and one-half years. 


. : . P Nuclear Instrument and Chemical 
Associated Valve & Engineering Co. Corp., 223 W. Erie St., Chicago 10, 


“ote. Ill., had sales totaling $838,607.40 for 

‘ the nine months ending May 31, 1952, 
Type 1051 Phone-ENglewood 4-468] compared to $590,555.36 for the same 
4 incon 1 svareetcea J period last year. Current backlog of 
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Lacon 


Any of the above valves ore available in stainless steel, Hastel- 
loy, Monel, Inconel, or any other corrosion resisting alloy. 


— 
+4 

















orders is in excess of $1,500,000 in 
government and industry contracts. 


Plastic Capacitors, Inc., 2511 W. 
Moffat St., Chicago 47, ILL, is newly 
organized as a manufacturer of high- 
voltage low-current power supplies, 
pulse-forming networks, and _plastic- 


film capacitors. 


P isotope Products, Ltd., Oakville, 
Ontario, has moved into a new 4,000- 
square-foot plant. The plant includes 
a “hot” lab, radiography facilities, 
space for development, engineering, 
assembly and testing, and offices. 
This is the first of several buildings the 


company plans to erect. 


LITERATURE AVAILABLE 


Solenoid control unit. Brochure de- | 


scribes oil-damped solenoids. Scully 
Machine Co., 62 Walter St., Bridgeport 


8 Conn. 


Relief valve. Bulletin 290 lists data 
on safety relief valve. A. W. Cash 
Valve Mfg. Corp., 666 E. Wabash Ave., 
Decatur, Ill. 


Contacts. Catalog C-520 describes 
properties and uses of line of electrical 
contacts. Gibson Electric Co., 8400 
Frankstown Ave., Pittsburgh 21, Pa. 


Plastic pipe. Catalog gives data on | 


plastic pipe, tubing, and fittings. 
American Agile Corp., Box 168, Bed- 
ford, Ohio. 


Iron cores. Bulletin IC-P8 lists de- 
tails of powder-iron cores. Lenkurt 
Electric Co., 1114 County Rd., San 
Carlos, Calif. 


Attenuators. Pamphlet gives tech- 
nical data on line of r-f attenuators. 
The Daven Co., Dept. RF, 191 Central 
Ave., Newark 4, N. J 


Magnets. Catalog 12 lists specifica- 
tions for sintered permanent magnets. 
The Indiana Steel Products Co., Val- 


paraiso, Ind 


Development apparatus. Brochure 
MDA-200 describes components for 
breadboard and semipermanent as- 
sembly of control systems and ana- 
log computers Ne rvome chanisms TIne., 
Post and Stewart Aves., Westbury, 
N. } 


Electronic instruments. Catalog 21-A 
describes line of electronic measuring 
instruments and accessory equipment. 
Hewlett-Packard Co., 395 Page Mill Rd., 
Palo Alto Calif. 
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. an instrument for all your 
magnetic measuring problems. 


GAUSSMETER 


This precision built instrument 
measures flux density, determines 
direction of flow. It locates and 
measures stray fields and plots 
variations in strength and checks 
production lots against a standard. 
Simple to operate. No ballistic 
readings . . . no jerking or pulling. 
Supplied with protective carrying 
case. 


- Other Teatures - 
Reads 10 te 30,000 Gauss Flux Fields 
Probe is only .025” thick 
Active area .01 square inches 
Overall size 13” x 6-3/4" x 10-1/2" 
Net weight only 10-1/2 Ibs 
Power supply 105-125 volts, 50-60 cycles 


We invite inquiries. For literature write Department N-11 


Dyn 


1075 STEWART AVENUE, GARDEN CITY, L. I., N. Y. GARDEN CITY 3-2700 














EQUIPMENT... 


5 eared to 
Fime To Kitt? | UIE 


ruecrRomic encmuechinc | (aipeavaneeut can 


MASTER INDEX | WFREE S35. CATALOG 


These indexes are indispensable to n crommed 





* Librorians Sevsst Paste Peak, 

© Engineers Comeras, 10 

© Management jectors, Lighting 

* Go Oficial yo 

" pa aad cols Equipment, = 
hee 63,500 references to articles | | Ameteu “ond nd rat 
publi ed from 1925 through 1949, includ- } 
ing foreign and domestic magazines, } Selena = 
journals, pr lassified govern- ; 
ment documents, neohome house organs, 
texts, and U. S. Patents, etc., giving a 
complete source ‘of information pertain- POLAROID LAND BACK, ete. 


ing to electronic and allied fields. World's largest stock from 

sm-s0e8 edition—(15,000 entries) $i7.s0 || ss to = —— All speeds, end types, 
-1945 edition—(10,000 entries) $10.00 special Mounts, Lenskoting, etc. 

1946 edition—(7,500 entries) we $14.50 “ 

1947-1948 edition—(18,500 entries) $19.50 1PMENT — 

1949 edition—(12,500 entries) —___ $17.50 nomen, oe 

Write TODAY to... 











shing Company ,/n« | Burke a James, Inc. 
New York 13,N.Y | NE P> RAP» MEN NCE te 














Miniature Socket Type TUBE 
Quickly and Easily Installed . . . 


MODEL G-11-3 is a miniature socket 
base tube that can replace the stand- 
ard Geiger tube in every application. 
It is specifically designed for portable 
field equipment. Compact and light— 
it has a three prong base for quick, 


easy _ installation. 


Ruggedly _con- 


structed. This tube has a Pyrex glass 
envelope and a spring type cathode 
contact. 


e Write for further details 


SPECIFICATIONS 


Overall Length 53” 
Outside Diameter Sa 
Length of Thin Section a. af 


Wall Thickness 
Threshold 
Plateau Slope 


30 mg/cm? 
825 + 25 voits 
3% 100 volts max. 


Filling Self quenching 
Bose .... . Ampheno! 50-030 


ABLE Reps co. 


5041 W. Lake St. Dep't NU Chicago 44, Iilinois 
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TO BUY 
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Anton Electronic 
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Furst Electromics.......... 
Garde Manufacturing Co. 
General Electric Company.2, 3, 4, 5 
G | Mills, inc. Mechanical 








666-8 Adams St. 


Larger Sizes Now Available 


Hi-D* LEAD GLASS WINDOWS 


For use in steel, lead, and concrete walls. 


*Trademark 


PENBERTHY INSTRUMENT CO. 


Seattle 8, Wn. 





Hommariund Manufacturing 
Inc. 


Helipot Corporation 
High Voltage Engineering Corp.. . 
Horizons, Incorporated 











We do all types of 
Electronic Subcontracting 


MICHEL MANUFACTURING CO. 


227 North Water 


Milwevkee, Wis. 
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* to promote new products 

* to get new sales outlets 
to secure new buyers 
to reach new buying influences 
for information just write to 


“‘Where-To-Buy,"" NUCLEONICS 
330 W. 42nd St., N. Y. 36, N. Y. 
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Kontes Glass dame 
Laboratory for Electronics, Inc... . 
lambda Electronics Corporation. . 
Leitz, Inc., E 

Little, inc., Arthur D 
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McGraw-Hill Book Co 
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Michel Manufacturing Co 

Mine Safety Appliances Co... .. 





Minneapolis-Honeywell Regulator 
Co., Industrial Div 
National Radiac Inc........... 
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$15.00 per inch. 
ADVERTISING INCH: 7” on one col- 
umn, 3 columns—30 inches—to a page. 
NEW ADVERTISEMENTS 
Address: 330 W. 42nd St., New York 36, 
N. Y., for Dec. issue closing Nov. 21st. 











PHYSICISTS 
NEW FRONTIERS TO CONQUER 


Enjoy great opportunities for personal 
satisfaction and advancement . . . help 
keep our nation strong ond free .. . 
investigate the following openings with 
TRACERLAB, the foremost commercial 
firm in the field of NUCLEONICS. 

Postions are available for PHYSICISTS 
with training in . . . ELECTRONICS... 
CLASSICAL PHYSICS . . . SOLID STATE 
PHYSICS . . . NUCLEAR PHYSICS. 


Openings exist at several levels and 
require Bachelor's or Ad d Degree 
with or without industrial experience. If 
you feel that you are qualified, we'll be 
glad to hear from you. Please write: 


Industrial Relations Department 


TRACERLAB, INC. 


130 HIGH STREET BOSTON 10, MASS. 




















LEGAL NOTICE 





STATEMENT OF THE OWNERSHIP, MANAGE 

MENT, AND CIRCULATION REQUIRED BY THE 

ACT OF CONGRESS OF AUGUST m4, 7, r 

AMENDED BY THE ACTS OF MARCH 3, 

AND JULY 2, 1946 (Title 39, United States Code, 
Section 233) 


OF NUC oy 'S published Monthly at York, Pa- 
for October 1, 


1. The name and address of the publisher, editor, and 
business manager is: Publisher, McGraw-Hill Publishing 
Company, Inc.,330 West 42nd Street, New York 36,N.Y.; 
Editor, Keith Henney, 330 West 42nd Street, New York 
36, N.Y.; Managing editor, None; Business m r, 
wee B. Blood, 330 West 42nd Street, New York 

2. The owner is: McGraw-Hill Publishi = 
Inc., 330 West 42nd Street, New York 36, * fhock: 
holders holding 1% or more of stock; Curtis Ww. es 
and Donald C. McGraw, Trustees for Harold W. ee 
Curtis W. McGraw and Donald C 330 
wa 42nd Street, New York 36, N. 


aries 
330 West 42nd Street, New York 3 36, N.Y.; 

McGraw, 330 West 42nd Street, New York, 36 N.Y.; 
Donald (. McGraw, 330 West 42nd Street, New York 36, 
N.Y.; Mildred W. McGraw, Madison, New Jersey : Grace 
W. Mehren, 536 Arenas Street, LaJolla, California ; 
Touchstone & Company, c/o The Pennsylvania Company, 
15th and Chestnut Streets, Philadelphia 1, Pa. 


3. The known bondholders, mortgagees, and other 
security holders owning or holding 1 percent or more of 
total amount of bonds, mortgagees, or other securities are: 
None. 


4. Paragraphs 2 and 3 include, in cases where the stock- 
holder or security holder appears upon the books of the 
company as trustee or in any other fiduciary relation, the 
name of the person or corporation for whom such trustee 
is acting; also the statements in the two paragraphs show 
the affiant’s full knowledge and belief as to the circum- 
stances and conditions under which stockholders an 
security holders who do not appear upon the books of the 
company as trustees, by and securities in a 
capacity other than that of a bona fide owner. 


McGRAW. Fy PUBLISHING Wn eee — 
y J.A.GERARDI, V . & 
ibed before ae this 9th “a ‘of 
a ’ 
(SEAL) ELVA G. MASLIN 
(My commission expires March 30, 1954) 
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National Research Corporation. . 

Neuvtronic Associates 

Nuclear Development Associates, 
Inc 


Nuclear instrument & Chemical 


Nuclear Research Corp. 


Nuclear Research & Development, 
Inc 
Nucleonic Company of America 
Optical Film Engineering Co. 
Penberthy Instrument Co. 127, 
Praktica Co., Inc., The. . 
Precision Radiation Instruments 
R-C Scientific Instrument Co. 
Radiation Instrument Development 
Laboratory 
Radio Corporation of America 13, 
Radio Shack Corporation 
Radicactive Products, Inc. 
Raytheon Manufacturing Company 
Resistance Products, Co. 
Rider Publisher, Inc., John F. 
Rockbar Corporation 
Sanborn Co. 
Scientific Specialties Corp. 
Servomechanisms, Inc. ve 
Sorensen & Company 
Special Screw Products Co., The 
Laboratories, 


Spencer Kennedy 


Inc 
Stokes Machine Company, F. J.. . 
Stupakoff Ceramic & Manufactur- 
ing Co 
Superior Tube Company 
Technical Associates 
Technical Operations, inc. . 
Technitro! Engineering Company. 
Thompson Company, H. |}. 
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Transicoil Corporation 
United States Gasket Company. . 


United States Testing Company, 
Inc. 


Victoreen Instrument Company 
Victory Engineering Corp. 
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Weston Electrical Instrument Corp. 
Winchester Electronics, Inc. 
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CHEMELE CG 
ELECTRONIC PARTS 


*duPont's trademark for 
its tetra fimoroe th ylene resin. 
+Trademark 

M. W. Kellogg Co. 


UNITED 


Chemelec Tefion*-insulated elec- 
tronic components include a 
complete line of 7 and 9 pin miniature 
tube sockets, crystal sockets, feed- 
through insulators and terminals. 


All provide the same high performance 
which this superior insulating material 
assures. Surface resistivity 3.5 x 10" 
ohms. Loss factor less than 0.0005. Dielec- 
tric constant 2.0 (60 cycles to 30,000 
megacycles). Serviceable at —110°F. to 
500°F. Won’t carbonize under arcing. Zero 
water absorption by ASTM Test. Unaf- 
fected by extreme humidity. Won’t DC 
plate. Chemically inert, non-gassing, 
immune to corrosive atmospheres, fungus, 
oil, solvents. Non-flammable, tough, 
resilient, withstands and absorbs mechan- 
ical shock and vibration. 


TEFLON and KEL-F STOCK 
and Custom-Fabricated Parts 


Fabricating ‘““Know-how’’, the result of 
years of specialized experience—and the 
most modern faeilities for rapid, low-cost, 
close-tolerance production are at your 
command when you specify Teflon or 
Kel-F}, fabricated by the United States 
Gasket Company. Ours is the most com- 
plete line in the country—sheets, tape, 
rods, cylinders, tubing, -bars, and 
custom-machined or molded parts 

to, manufacturers’ specifications. 


FLUOROCARBON rad 


STATES | PRODUCTS DIVISION 


GASKET |. 
COMPANY 


FARR 


CAMDEN 1, NEW JERSEY 





venience to the readers. Every care is 
taken to make it accurate, but NU- 
CLEONICS assumes no responsibility 
for errors or omissions. 
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When you specify ANTON 
you requisition Rugged Quality 


/ 
ANTON ... advanced electronic products 








FREE—Catalog and valuable data 
sheets available upon request. 








1226 FLUSHING AVENUE 


Stainless steel, halogen quenched, Geiger Counter 
Tubes, rugged, precise and of infinite life. JAN type 
approved tubes available. 


Corona Discharge Voltage Regulator Tubes (fixed 
and variable) ranging from 300 Volts to 16,000 
Volts. JAN type approved tubes available. 


Radiological Monitoring Instruments. 


* Medical Geiger Counter Probes and connectors. 


Custom developed and produced electronic tubes 
and equipment. 


« Facilities for development as well as production. 


BROOKLYN 37, N. Y. 
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NUCLEONICS 


BUYERS’ GUIDE 


1952-1953 


An alphabetical listing of the manufacturers of equipment, materials, components and 
allied products used in basic research, development and applications of nuclear energy. 


Every effort has been made fo insure completeness and accuracy according to information sup- 
plied by the manufacturers questionnaired. Manufacturers who are advertisers in this issue are 
BOLD-FACED in the listings and page numbers of their advertisements shown. This makes it possible 
to obtain complete buying information on products quickly and easily by referring to those pages. 


Compiled by the Research Staff of NUCLEONICS. 


ABSORBENT PAPER 


Eaton-Dikeman Co., Mount Holly Springs, Pe. 


ABSORBERS—Radiation 


ISOTOPE SPECIALTIES CO., ey: Sa Fernando Rd., 
Glendale, Colif. ADV. ‘PG. 

NUCLEAR INSTRUMENT & CHEMICAL corP., 223 
W. Erie St., Chicago 10, Ill. ADV. PG. Back 
Cover 

Radiation ouee Labs., Inc., 1844 W. 21st St., 
Chicago 8, 

TECHNICAL ASSOCIATES, INC., 140 W. Providencia 
Ave., Burbank, Calif. ADV. PG. 130 

TECHNICAL OPERATIONS, INC., 6 Schouler Court, 
Arlington 74, Mass. ADV. PG. 128 

TRACERLAB, INC., 130 High St., Boston 10, Mass. 
ADV. PG. 24 

Western Radiation Lob., 1107 W. 24th St., Les 
Angeles 27, Calif. 


ACCELERATORS—Particle 


Atomiab, Inc., 489 Fifth Ave., New York 17, N. Y. 
—, ELECTRIC CO., Apparatus Sales Div., 
Schenectady 5, N. Y. “ADV. PGS. 2 
= VOLTAGE ENGINEERING CORP., 7 University 
, Cambridge 38, Mass. ADV. PG. 20 


ADAPTERS—Panoramic 


New London Instrument Co., P. O. Box 189, New 
London, Conn. 

Panoramic Radio Products, Inc., 10 S. Second Ave., 
Mt. Vernon, N. Y. 

Polarad Electronics — ° 
Brooklyn 11, N. 


ADHESIVES—Corrosion Proof 


American Products Mfg. Co., Inc., 8127-33 Oleander 
St., New Orleans 18, Lo. 

Armstrong Cork Co., 1010 Concord St., 
Pi 


100 Metropolitan Ave., 


Lancaster, 
a. 
Atlas Mineral Products Co., 131 
Mertztown, Pa. 
Biggs Co., Carl H., 11616 W. Pico Bivd., Los 
Angeles, Calif. 

Borden, Co., ; Div., 350 Madison Ave., New 
York 17, N. 

Carboline Co., yoo Forsythe Bivd., St. Louis 5, Mo. 

Devoe & Reynolds Co., Inc., 787 First Ave., New 
York, 

du Pont ae Nemours & Co., 
98, 

Emerson ‘< Cuming Co., 
Boston,. Mass. 

General a ye 919 Taylor Ave., Rockford, Il! 

Goodrich Co., , Akron, Ohio 

Hamilton Kent - "Co. -, Kent, 

ee Laborotories, Inc., 322 an St., Olean, 

Y. 


Nerman St., 


inc., E. 1., Wilmington 


126 Massachusetts Ave., 


tateetrtal Tape Corp., Highway 25, New Brunswick, 
N, J, 

Minnesota Mining & Mfg. Co., St. Pavi 6, Minn. 

Monsanto Chemical Co., 1700 S$. Second St., St Louis 
4, Mo. 


D-2 


Paisley Products, inc., 
cago 16, fil. 
— industries Inc., 


Robber & Plastics gg, Co., 
Plaza, New York 20, N. 
Savereisen : Co., + re Bidg., Pitts- 
burgh 15, 
Union Bay boon Chemical Co., Cambridge, Mass. 
U. AL Rubber oe 1230 Avenue of the Americas, 
Y. 


New York 20, 
Varniton Co., ne N. Varney St., Burbank, Calif. 


1770 Canalport Ave., Chi- 
1108 30th Ave., Astoria, 
Inc., 30 Rockefeller 


ADHESIVES—Waterproof 


Aetna Plywood & Veneer Co., 1731 N. Elston Ave., 
Chicago 22, Ill. 

Allied Radio Corp 
7, mW. 

American Products Mfg. Co., 
St., New Orleans 18, La. 

American Resinous Chemicals Corp., 


Peabody, Mass. 

Armstrong Cork Co., 1010 Concord St., 
Pa. 

Beck & Sons, inc., 355 E. 20th St., New York 3, 


Biggs Co., oo a. 
Angeles, Calif 

Borden Co., Chemical Div., 350 Madison Ave., New 
York 17, 

Devoe & enahs Co., 
York, N. Y. 

du Pont de Nemours & Co., 


, 833 W. Jackson Bivd., Chicago 
inc., 8127-33 Oleander 
103 Foster St., 


Lancaster, 


11616 W. Pico Bivd., Los 


Inc., 787 First Ave., New 


inc., E. 1., Wilmington 
, Del. 

Durez Plastics & Chemicals, inc., 1921 Walck Rd., 
North Tonawanda, N. Y. 

Emerson & Cuming Co., 
Boston, Mass. 

General Cement Co., 919 Taylor Ave., Rockford, Ill. 

Goodrich Co., B. F., Akron, Ohio 

Hachmeister, ‘inc., ?. ©. Box 357 Pittsburgh 30, Pa. 

Hamilton Kent Mfg. Co., Kent, Ohio 

Houghton Laboratories, Inc., 322 Bush St., 


126 Massochusetts Ave., 


Olean, 


N. Y. 
industrial Tape Corp., Highwoy 25, New Brunswick, 
N. J 


inc., Koppers Bidg., Pittsburgh, Pa. 
Chicago 3, 


Koppers Co., 

Linick Chemical Co., 59 E. Madison St., 
mH. 

Minnesota Mining & Mfg. Co., St. Paul 6, Minn. 

Monsanto Chemical Co., 1700 §. Second St., St 
lovis 4, Mo. 

a, Products, Inc., 1770 Canalport Ave., Chicago 
16, OM. 


Polymer Industries Inc., 1108 30th Ave., Astoria, 
N. Y. 


a rong _——™ Inc., 630 Fifth Ave., New 

Rubber & Pheoties Compound Co. 
Plaza, New York 20, N. 

Union Bay State Chemica! _ soe ny Mass. 

U. S$. Rubber Co., 1230 Avenue of the Americas, 
New York 20, N. Y. 

Varniton Co., 416 N. Varney St., Burbank, Calif. 

Zophar Mills, Inc., 112-130 26th ‘se, Brooklyn 32, 


inc., 30 Rockefeller 


ADSORPTION APPARATUS 


er & Carbon Chemicals Div., Union Carbide & 
bon Corp., 30 E. 42nd St., New York 17, N. Y. 

vane Precision Instrument Co., 3803-05 N. Sth 
St., Philadelphia, Pa. 

Pittsburgh Lectrodryer Corp., P. O. Box 1766, Pitts- 
burgh, Po. 

Scientific Gloss Apparatus as Inc., 
Terrace, Bloomfield, N. J. 


100 Lakewood 


AIR CLEANERS—Electrostatic 


Goodyear Tire & Rubber Co., Akron, Ohio 

Koppers Co., Inc., Koppers Bidg., Pittsburgh, Pa. 

Trion, Inc., 1000 Istand Ave., MeKees Rocks, Pa. 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 


AIR CONDITIONING EQUIPMENT 


Alco Valve Co., 865 Kingsland Ave., St. Lovis 5, 
Mo 


Bristol Co., The, Waterbury 20, Conn. 

Carrier Corp. -, 300 S. Geddes St., Syracuse 1, N. Y. 

Clarage Fan Co., 719 Porter St., Kalamazoo, Mich. 

Dayton Electric Mfg. Co., 748 W. Adams, Chicago, 
i, 


General Electric Co., Aijr wy Speen Div., 
5 Lawrence St., Bloomfield, N. 

Harris, Inc., Machine Works, 61 ‘te Yomhili, 
lond, Ore. 

Hoppe Engineering Co., 


Port- 


1 High St., Greensboro, Ind. 
‘Co., 2753 Fourth 





Ave. S., Minneapolis, Minn. 
Patterson-Kelley Co., Inc., East Stroudsburg, 
= Lectrodryer Corp. - P. O. Box ee Pitte- 

rv] Pa. 

Northern-Zoleski, Utd., Pratt Oval, Glen Cove, N. Y. 

Remi Air C Corp., Willey St., Au- 
burn, N. Y. 

Trane Co., La Crosse, Wis. 

United States Air Conditioning Corp., Como Ave. SE 
at 33rd, Minneapolis 14, Minn. 

Westinghouse — Corp. , P. O. Box 868, Pitts- 

burgh 30, 
vs nies Corp., 426 Worthington Ave., Harrison, 





York Corp., York, Pa. 

AIR PURIFIERS 

Bullard Co., E. D., 275 Eighth St., 
calif. 

Consolidated ae Supply Co., 


St., New York, 
Cooper-Hewitt Chscirie Co., 721 Grand St., 
N. J. 


San Francisco 3, 
Inc., 24 Wooster 
Hoboken, 
De Vilbiss Co., 300 Phillips Ave., Toledo, Ohio 


Trion, Inc., 1000 Island Ave., McKees Rocks, Pa. 
York Corp., York, Pa. 


ALARMS 


See Indicators 


ALLOYS 
See Metals 
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NUCLEAR AND ALLIED PRODUCTS 


AMMETERS 


ey “as Corp., 833 W. Jackson Bivd., Chicago 
7, 

Pend 3 Products, Inc., Chagrin Falls 6, Ohio 

Baldwin Instrument Co. ltd., Brooklands Works, 
Dartford, Kent, 

Beede Electrical 
N. H 


England 

Instrument Co., Inc., Penocook, 

Bristol Co., The, Waterbury 20, Conn. 

Burlington Instrument Co., Burlington, lowe 

Cole instrument Co., 1320 S. Grand Ave., Los 
Angeles 15, Calif. 

DeJur-Amsco Corp., 45-01 Northern Bivd., 
Island City 1, N. Y. 

Electric Design & Mfg. Corp., Burlington, lowe 

Electronic Instrument Co., Inc., 276 Newport St., 
Brooklyn 12, N. Y. 

Esterline-Angus Co., P. ©. Box 596, In- 
dianapolis 6, Ind. 

GENERAL ELECTRIC CO., ~ gy Sales Div., 
Schenectady 5, N. Y. "ADV. . 5 

Hickok Electrical Instrument ~ The, 
Dupont Ave., Cleveland 8, Ohio 

Industrial Devices, Inc., 22 State Rd., Edg e 


Long 


Inc., 


10514 





Cole Instrument Co., 1320 $. Grand Ave., los 
Angeles 15, Calif. 

Electronic instrument Co., Inc., 276 Newport St., 
Brooklyn 12, N. Y. 

GENERAL ELECTRIC CO., Apparatus Sales Div., 

Schenectady 5, N. Y. "ADV. PGS. 

Hickok Electrical sea ome Co., The, 10514 De- 

. 315 W. Walton Place, 

ts, Inc., P. O. Box 2954, 


15, Conn. 
Martindale Electric Co., 1375 Hird Ave., Cleveland 
7, Ohio 








t Eng ing Utd., Arnprior, Ontario, 
Canada 


Oak Ridge Products Mfg. Div., Video Television, 
inc., 37-01 Vernon Bivd., Long Island City |, 
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Fairchild Comera & Instrument Corp., 
Wyck Bivd., Jamaica 1, N. Y. 
Jarretl-Ash Co., 165 Neuberry St., Boston 16, Mass. 
LEITZ, INC., E, 304 Hudson St. ot Spring St., New 
York 13, N. ¥. ADV. PG. 12) 
» J. A., I7-O1 Bist St., 


1000 Main Ave., 


88-06 Van 


long Island 

PRAKTICA CO., INC., THE, 48 W. 29th S?., New 
York 1, . ADV. PG. 122 

Southwestern Industrial Electronics Co., 2831 Post 
Ook Rd., P. O. Box 13058, Houston 19, Texas 

Vectron, !nc., 400 Main St., Waltham 54, Mass. 


CAMERAS—Television 


Douglas Radio Labs., 176 Norfolk Ave., Boston 19, 
ss. 
labs., Inc., Ailen 8., 
1000 Main Ave., Clifton, N. 
Electric & Musical industries Ltd., ‘Hoyes, Middlesex, 
England 
—- Precision Loboratory, Inc., 
Y. 


Instrument Div., 


Pleasantville, 


edaiienin Inc., 88 Merrick Road, Amityville, 
N. Y. 
RADIO CORP. OF AMERICA, RCA VICTOR DIV., 
ENGINEERING PRODUCTS DEPT., Front & Cooper 
13 


Sts., Camden, N. J. ADV. PG 


CAMERAS—X-RAY 


CENTRAL RESEARCH —— INC., Red 

Wing, Minn. ADV. ‘ 

Fairchild Camera & iaromen Corp., 

Wyck Bivd., Jomoica 1, Y. 
Jarre!!-Ash Co., 165 ~ Pa St., 
North American Philips Co., Inc., 

New York 17, N. Y. 

Picker X-Ray Corp., 25 S$. Broodway, White Plains, 

N. Y. 


88-06 Van 


Boston 16, Mass. 
100 E. 42nd St., 


John X-Ray Laboratory, Califon, 
x- Ray Department of Genera! ~ ae Co., 
Electric Ave., Milwaukee 1, Wis. 


CAPACITORS 
NOTE: Various types of capacitors are not in- 
dicated in this listing. Contact manufacturer 
for specific type (s) desired. 
Aerovox Corp., 740 Belleville Ave., 


4855 


New Bedford, 


Mass. 

Alrcraft-Marine Products, Inc., 
Harrisburg, Pa. 

Amperex Electronic Corp., 
ville, Y. 

Asheville Schoonmaker Mica Co. ° 
St., New York 13, N. Y. 

Astron Corp., 225 Grant Ave., East Newark, N. J 

Bud Radio, Inc., 2118 E. 55th St., Cleveland 3, 
Ohio 

Centrelab Division of Globe- — 900 €. 
Keefe Ave., Milwaukee 1, 

be Products Co., 7517 5 My 


2100 Paxton St., 


230 Duffy Ave., Hicks- 


Inc., 62 Worth 


Inc., 


"Clark St., Chicago 


26, 
Conn -Bebiner Electric Corp., South Plainfield, 


Dumont Electric Corp., 308 Dyckman St., New York, 
N. 


pb "Motive Mfg. Co., Willimantic, Conn. 
Erie Resistor Corp., 644 w. 12th St., Erie, Pe. 
— — CO., Apporatus Sales 
Y. ADV. PGS. 2-5 
HAMMARLUND ine. co., 460 W. 34th St., 
York 1, N. Y. ADV. PG. 113 
Hi- 7 Division, Aerovox Corp., Seneca Ave., Olean, 


Div., 
New 


Indi See 
, Chicago 18, 

lefties ‘Electronics _ " Detete, Pa. 

Jennings Radio Mfg. Co., 970 Mclaughlin Ave., 
P. ©. Box 1278, San Jose 12, Calif. 

Johnson Co., E. F., Waseca, Minn. 

Mallory & Co., Inc., P. R., 3029 E. Washington St., 
Indianapolis 6, Ind. 

Plastic yes Inc., 2511 W. Moffat St., Ch 
cago 47, 

Pyramid Elec Co., 
Bergen, N. J. 

com 211 €. 37th St., 

N. B® ADV. . 129 

Sangamo Electric - a. Springfield, III. 

Sprague Electric Co., North Adoms, Mass. 


een 3243 WN. Colifornia 


1445 Hudson Bivd., North 


New York 16, 
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STUPAKOFF CERAMIC & MFG. CO., 
ADV. PG. 131 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Po. 


CARBOYS—Glass 


Corning Glass Works, Corning, N. Y. 


CARBOYS—Stoneware 


Knight, Maurice A., 171 Kelly Ave., Akron, Ohio 
U. S. Stonewore Co., Akron 9, 


CATHETOMETERS 


Eberbach Corporation, Ann Arbor, Mich. 

Ferner Co., R. Y., 110 Pleasant St., Maiden, Mass. 

Goertner Scientific Corp., 1237 Wrightwood Ave., 
Chicago, Ill, 

Jarrell-Ash Co., 165 Newberry St., Boston 16, Mass. 

Welch Scientific Co., W. M., 1515 Sedgwick St., 
Chicago 10, tl, 


CEMENTS—Acid Proof 


AMERICAN PHENOLIC — 1830 S. 54th Ave., 
Chicago 50, Ill. ADV. 100 

Atlas Mineral Products Co., 
town, Pa. 

Biggs Co., Carl H., 
geles, Calif 

Carboline Co., "7603 Forsythe Bivd., St. Louls 5, Mo. 

Central Scientific Co., 1700 Irving Park Rd., i 
cago 13, It. 

Electro Chemical 


letrobe, Pa. 


On Norman St., Mertz- 


11616 W. Pico Bivd., Los An- 


Supply & Engineering Co., 750 
Broad St., Emmaus, Pa. 
— Tape Corp., Highway 25, New Brunswick, 
4. 


Bes Maurice A., 171 Kelly Ave., Akron, Ohio 

Linick Chemical Ce., 59 E. Madison. St., Chicago 3, 
Ht. 

Minnesota Mining & Mfg. Co., St. Paul 6, Minn 

Philadelphia Quertz Co., 1146 Public Ledger Bidg., 
Philadelphia 6, Pa. 

Sovereisen Cements Co., Savereisen 
burgh 15, Po. 

Union Bay State Chemical Co., Cambridge, Mass. 

U. S$. GASKET CO., 602 N. 10th St., Camden, N. J. 
ADV. PG. 135 

U. S. Stoneware Co., Akron 9, Ohio 

Varniton Co., 416 N. Varney St., Burbank, Collf. 


CENTRIFUGES—Clinical 

Aloe Scientific Div. of A. S. Aloe Co., 5655 Kings- 
bury Bivd., St. Lowis 12, Mo. 

Custom Scientific  qecmenaee inc., P. O. Box 170, 
Arlington, N. 

Fisher Scientific a. 709 Forbes St., Pittsburgh 19, 
Po. 

International Equipment Co., 1284 Soldiers Field 
Rd., Boston 35, Mass. 


Phillips. Drucker, 2245 S. Vanderventer Ave., St. 
Lovis, Mo. 

Precision Scientific Co., 3737 W. Cortiand St., Chi- 
cago 47, ’ 

Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


CENTRIFUGES—Hand Operated 


Boeke! & Co., Inc., Wm., 509-519 Vine St., Philo- 
delphia 6, Pa. 

Precision Scientific Co., 3737 W. Cortland St., Chi- 
cago 47, Ill. 


CENTRIFUGES—Micro 

International Equipment Co., 1284 Soldiers Field 
Rd., Boston 35, Mass. 

Phillips-Drucker, 2245 S. Vandeventer Ave., St. 


Lovis, Mo. 
Phipps & Bird, 
Vo. 


Bidg., Pitts- 


Inc., 303 S. 6th St., 
E. H., 4647 W. Foster Ave., Chi- 


Richmond 5, 


Yonkers Laboratory Supply Co., 70 Polisade Ave., 
Yonkers 2 N. Y. 


CENTRIFUGES—Ultra 
Aloe Scientific Div. of A. S$. Aloe Co., 


Kingsbury Bivd., St. Lovis 12, Mo. 
Fisher Scientific Co., 709 Forbes St., Pittsburgh 19, 


5655 


Pa. 
Speciclized Instruments Corp., Belmont, Calif. 


CERAMICS 


Acme Brick Co., 
‘exos 

AMERICAN LAVA CORP., 
ADV. PG. 26 

Centralab Division of Globe Union, 
Keefe Ave., Milwavkee 1, Wis. 

Coors Porcelain Co., Golden, Colo. 

du Pont de Nemours & Co., Inc., E. 


P. ©. Box 425, Fort Worth 2, 
Chattanooga 5, Tenn. 
inc., 900 E. 


1., Wilming- 
, Del. 
Erie Resistor Corp., 644 W. 12th St., Erie, Po. 
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CHAMBERS 





General Ceramics & Stectite Corp., 250 Crows Mill 
Rd., Keasbey, N. J. 

Glenco Corp., Metuchen, N. 

Gulton Mfg. Corp., 212 ie Ave., Metuchen, 


N. J. 
Hermetic ig Products Co., New- 
©., 209-213 Fourth Ave., 


Cleveland, 


29-37 S. 6th St., 
Pitts- 


2891 
127 
171 Kelly Ave., Akron, Ohio 

Gilbert St., LeRoy, 


E. 79th St., 


Knight, Maurice A., 
Lapp insulator Co., Inc., 31 
N.Y 


Louthan Mfg. Co., East ee Ohi 

Mallory & Co., Inc., P 029 E. Washington 
St., Indianapolis 6, Ind. 

Porcelain Products, Inc., 
Findlay, Ohio 

Stor Porcelain Co., 


422 W. Sandusky St., 

61 Muirhead Ave., Trenton 9, 
N. J, 

STUPAKOFF CERAMIC & MFG. CO., Latrobe, Pa. 
ADV. PG. 131 

U. S. Stoneware Co., Akron 9, Ohio 

Western Gold & Platinum Works, 589 Bryant. St., 
San Francisco, Calif. 4 


CHAMBERS—lonization 


ANTON ELECTRONIC LABS., INC., 1226-38 Flush- 
ing Ave., Brooklyn, N. ¥. ADV. PG. 136 

Applied Physics Corp., 362 W. Colorado St., Pasa- 

na I, lif. 

ATOMIC inesTRUMENT CO., 84 Massachusetts Ave., 
Cambridge 39, Mass. ADV PG. 23 

Atomlab, Inc., 489 Fifth Ave., 

Boldwin Instrument Co., Ltd, 
Dartford, Kent, England 

BAR-RAY PRODUCTS, INC., 209 25th St., 
lyn 32, N. Y. ADV. PG. 112 

COLE, LTD., E. K., Electronics Div., 
Wiltshire, Englond. ADV. PG. 2 

Dallons Labs., 5066 Santa Monica Bivd., 
geles, Calif. 

Detectron Co., 
wood, Calif. 

El-Tronics, Inc., 
33, Pa. 

Falk & Co., Ltd., M., 


New York 17, N. Y. 
Brooklands Works, 


Brook- 
Malmesbury, 
los An- 


5631 Cahvenga Bivd., North Holly- 


2649 N. Howard St., Philadelphia 


5 Victoria St., London, S. 


W. 1, England 

GENERAL ELECTRIC CO., Apporotus Sales Div., 
Schenectady 5, N. Y. ADV. PGS. 2-5 

Georator Corp., 1820 N. Nash St., Arlington, Va. 

ISOTOPE SPECIALTIES CO., 3816 San Fernando 
Rd., Glendole, Calif. ADV. PG. 94 

Landsverk Electrometer aes 550-552 W. Garfield 
Ave., Glendale 4, Cal 

NUCLEAR INSTRUMENT ‘ CHEMICAL ir Mg 223 
W. Erie St., Chicago 10, Ill. ADV. PG. Back 
Cover 

Radiation Counter Labs., Inc., 
Chicago 8, II! 
Radioisotope Application Co., 1843 University Ave., 
Berkeley 3, Calif. 
Resdel Engineering, 2351 
Angeles 39, Calif. 
Scientific Service Inc., 
Calif. 

TECHNICAL ASSOCIATES, INC., 140 W. Providencia 
Ave., Burbank, Calif. ADV. PG. 130 

Twentieth Century Electronics, Ltd., Dunbar Works, 
a St., West Norwood, London, S$. E. 27, 
Eng 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio. ADV. PG. Inside Front 
Cover 

Western Radiation oo 
Angeles 27, Cali 


CHAMBERS—lonization, High Pres- 
sure 

ANTON ELECTRONIC LABS., INC., 1226-38 Flush- 
ing Ave., Brooklyn 37, N. Y. ADV. PG. 136 

Detectron Co., 5631 Cahuenga Bivd., North Holly- 
wood, Calif. 

El-Tronics, Inc., 

Pa 


1844 W. 21st St., 


Riverside Drive, Los 


1417 Solano Ave., Albany, 


1107 W. 24th St., Los 


2649 N. Howard St., Philadelphia 

GENERAL ELECTRIC co., 
Schenectady 5, N. Y. ADV. PGS. 

Georator Corp., 1820 N. Nash St., Arlington, Va. 

Nuclear Development Laboratory, P. O. Box 7034, 
Kansas City, Mo. 

TECHNICAL ASSOCIATES, INC., 140 W. Providencia 
Ave., Burbank, Calif. ADV. PG. 130 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio. ADV. PG. Inside Front 
Cover 


CHAMBERS—Test 


Americon Instrument Co., Inc., 
Silver Spring, Md. 

Bowser Technical Refrigeration Div., 
Terryvilie, Conn. 

landsverk Electrometer Co., 
Ave., Glendale 4, Calif. 

Northern-Zaleski, Ltd., Prott 
N. Y¥. 


Apparatus Sales Div., 
5 


8030 Georgia Ave., 
Bowser Inc., 
550-552 W. Garfield 


Ovel, Glen Cove, 
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Tenney Engineering Inc., 26 Avenue B, Newark 5, 
N. J. 

UNITED Bey TESTING CO., 
ADV. PG. 

Whittington ral & Engineering Corp., 
pect St., Indianapolis 3, Ind. 

York Corp., York, Pa. 


CHARGERS—Battery 


Airpax Products Co., Middle River, Baltimore 20, 


Hoboken, N. J. 
1126 Pros- 


Allied Radio Corp., 833 W. Jackson Bivd., Chi- 
cago 7, fil. 

American Television & Radio Co., 
St., St. Paul 1, Minn. 

Bogue — Mfg. Co., 52 lowa Ave., 


300 E. Fourth 


Paterson 


Bogue ‘alow Equipment Div. of Bogue Electric 
Mfg. Co., 52 lowa Ave., Paterson 3, J 

Electric Products Co., 1725 Clarkstone Rd., 
land 12, Ohio 

Electro Products Labs., Inc., 
Chicago 6, Iii. 

Electronic Instrument Co., 
Brooklyn 12, N. Y. 

Epco _—— Inc., 
7, N.Y. 


Cleve- 
4501 N. Ravenswood, 
Inc., 276 Newport St., 
2500 Atlantic Ave., Brooklyn 


PRA Telephone & Radio Corp., 100 Kingsland 
Rd., Clifton, N. J. 

Georator Corp., 1820 N. Nash St., Arlington, Va. 

inet, Inc., 8655 S$. Main St., Los Angeles 3, Calif. 

Kato Engineering Co., 1415 First Ave., Mankato, 
Minn. 

Kellogg Switchboard & Supply Co., 79 W. Monroe, 
Chicago 3, Ill. 

KEPCO LABS., INC., 131-38 a Ave., 
ing, N. Y. ADV. PGS. 10, 

Mallory & Co., Inc., P. R., so2e t Washington St., 
Indianapolis 4, ind. 

Measurement Engineering Ltd., 

ada 


Flush- 


Arnprior, Ontario, 


Mallacoh c " Boche«h 


Phoenix Precision 
5th St., Philadelphia, Pa. 
aasnee Mfg. ~ ae! Equipment Sales Div., Wal- 
m 54, Mas 
SORENSEN & Co., a —_ Fairfield Ave., Stam- 
ford, Conn. ADV. 25 
Sun Electric Corp., 6323 pois Ave., 
3, 
7 ‘Electric Corp., 
Y 





a 
Instrument Co., 3803-05 N. 


Chicago 


31 W. 27th St., New York 


1, N.Y. 

Ther Electric & Machine Works, 15 S. Jefferson 
St., Chicago 6, Ill. 

Vickers Electric Division, Vickers, Inc., 
St., St. Lovis, Mo. 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio. ADV. PG. Inside Front Cover 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 


CHARGERS—Dosimeter 


Baldwin Instrument Co., Ltd., 
Dartford, Kent, England 

Beckman, Inc., Arnold O., 
Pasadena, Calif. 

CAMBRIDGE INSTRUMENT CO., INC., 
Central Terminal, New York 17, 'N. 
PG. 12 


1815 Locust 


Brooklands Works, 


1020 Mission St., South 


3786 Grand 
Y. ADV 


. 7 
GENERAL ELECTRIC CO., Apparatus Sales Dept., 
Schenectady 5, N. Y. ADV. PGS. 2-5 
Landsverk Electrometer Co., 550-552 W. Garfield 
Ave., Glendale 4, Calif. 
NUCLEAR INSTRUMENT & CHEMICAL -_. 223 
Ww. be St., Chicago 10, Ili. ADV. Back 


Cow 
NUCLEAR RESEARCH CORP., 
Ave., Philadelphia 46, Pa. 
Radiation Counter Labs., Inc., 
Chicago 8, Ill. 
TRACERLAB, INC., 
ADV. PG. 24 
VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
— 14, Ohio, ADV. PG. Inside Front 
‘over 


CHEMICALS—Inorganic 


Allied Chemical & Dye Corp., ay Process Div., 
61 Broadway, New York 6, N. 

Aloe Scientific Div. of A. &. ng ., 5655 Kings- 
bury Bivd., St. Louis 12, 

Aluminum Co. of America, rt Gulf Bidg., Pitts- 
burgh, Pa. 

American mapeane Co., 38 Rockefeller Plaza, New 
York 20, 

Boker Chemical a & Ke og e « N. J. 

du Pont Ang Nemours & Co., inc., E. 1., Wilmington 


709 Forbes St., 


2563 Grays Ferry 
ADV. PG. 97 
1644. W. 2Ist St., 


130 High St., Boston 10, Mass. 


98, 
Fisher Sclsatific Co., Pittsburgh 19, 


oa Dyestuff Corp., 435 Hudson St., New York 
14, N. Y. 

Humboldt Mfg. Co., 2814 N. Whipple St., Chicago 
47, Wi. 

Jasonols Chemical Corp., 
lyn 6, N. Y. 

Linick Chemical Co., 


’ 


1085 Myrtle Ave., Brook- 
7 
59 E. Madison St., Chicago 


1952-1953 DIRECTORY of 


Mallinckrodt Chemical Works, Second & Mallinck- 
rodt Sts., St. Louis 0. 
Mathieson Chemical Corp., Mathieson Bidg., Bal- 
timore 3, Md. 
Merck & Co., Inc., Rahw: 
Monsanto Chemical Co., "700 $. Second St., St. 
& CHEMICAL CORP., = 
W. Erie St., Chicago 10, Ill. ADV. PG. 


Cover 

NUCLEAR RESEARCH CORP., 2563 Ba 
Ave., Philadelphia 46, Pa. ADV. 7 

Philadelphia Quartz Co., 1146 Public ye Bidg., 
Philadelphia 6, Pa. 

Reichhold —— Inc., 630 New 


York 20, 

Sylvania tachae’ Ry sae 
New York 19, ¥. 

Will Corp., Bn eB 3, N. 

Yonkers Laboratory Supply ee 
Yonkers 2, 


CHEMICALS—Organic 


Allied Chemical & Dye Corp., a Process Div., 
61 Broadway, New York 6, N. 

Aloe Scientific Div. of A. S. Aloe ~« ., 5655 Kings- 
bury Bivd., St. Lovis 12, Mo 

American Cyanamid _ 38 Rockefeller Plaza, 
New York 20, N. 

Boker Chemical Co., 

BERSWORTH CHEMICAL co., 
Framingham, Mass. ADV. °G 

Carbide & Chemicals Co., Div. Union Corbide & 
? Corp., 30 E. 42nd St., New York 17, 

Y. 


Ferry 


Fifth Ave., 


Inc., 1740 Broadway, 


70 Palisade Ave., 


3 T., Phillipsburg N. J. 
875 Waverly St., 
. 129 


eee om Corp., 180 Madison Ave., New 
York 16, ¥. 

Commercial Selvent Corp., 260 Madison Ave., New 
York 16, N. 

DISTILLATION PRODUCTS 
sion of Eastman Kodak Co., 
ADV. PG. 91 

du Pont de Nemours & Co., Inc., E. 
ton 98, Del. 

Fisher Scientific Co., 
Pa 


INDUSTRIES, A _ Divi- 
Rochester 3, N. Y. 


1., Wilming- 
709 Forbes St., Pittsburgh 19, 
General Biochemicals Inc., Laboratory Park, Chagrin 


Falls, Ohio 


Generai Paw Corp., 435 Hudson St., New York 


O., 209-213 Fourth Ave., Pittsburgh, 


14, 
Hommel hag 
Pa. 


Jasonols Chemical Corp., 1085 Myrtle Ave., Brook- 
lyn 6, Y. 

Kessler Chemical Co., Inc., 
Ave., Philadelphia 35, Po. 

Mallinckrodt Chemical Works, Second & Mallinck- 
rodt Sts., St. Lovis 7, Mo. 

Mathieson Chemical Corp., Mathieson Bidg., Bal- 
timore 3, Md. 

Merck & Co., Inc., Rahway, N. J. 

Minnesota Mining ’ Mfg. Co., St. Paul 6, Minn. 

Monsanto Chemical Co., 1700 $. Second St., St. 
Lovis 4, Mo. 

NUCLEAR INSTRUMENT & CHEMICAL CORP., 223 
= Erie St., Chicago 10, Ill. ADV. PG. Back 

Ferry 


ver 
NUCLEAR RESEARCH CORP., 2563 Groys 
PG. 97 

Inc., 630 Fifth Ave., New 


State Rd. & Cottman 


Ave., Philadelphia 46, Pa. ADV. 

Reichhold Gogutn 
York 20, 

Will Corp., _ 3, N. Y. 

Yonkers Laboratory Supply Ce., 70 Palisade Ave., 
Yonkers 2, 


CHRONOGRAPHS 


ey Research, Inc., 
cago, Ill. 

Austin Co., yr _ Div., 
New York 11, 

CAMBRIDGE INSTRUMENT co., INC., 
Central Terminal, New York ws ee Ue 
PG. 123 


3788 W. Belmont, Chi- 
76 Ninth Ave., 


3786 Grand 

ADV. 

Cinema-Television Ltd., Worsley Bridge Rd., Lon- 
don S$. E. 26, England 

Electro Medical Lab., Inc., South Woodstock 6, Vt. 

Electrodyne Co., 32 Oliver St., Boston, Mass. 

El-Tronics, Inc., 2649 N. Howord St., Philadelphia 


33, Pa. 

Goertner Scientific Corp., 
Chicago, III. 

Gorreli & Gorrell, Haworth, N. J. 

Measurement Engineering Ltd., Arnprior, 
Canada 

Potter Instrument Co., 115 Cutter Mill Rd., 

Y 


1237 Wrightwood Ave., 


Ontario, 
Great 


Neck, N. Y. 
Sticht, Inc., Herman H., 27 Park Place, New York 
Y 


sm 
Vectron, Inc., 400 Main St., Waltham 54, Mass. 


CHRONOSCOPES 


American Chronoscope Corp., 316 W. First St., Mt. 
Vernon, Y. 

Cinema-Television Ltd., 
don, S. E. 26, England 

Rutherford Electronics ee 
Bivd., Culver City, Calif. 


Worsley Bridge Rd., Lon- 
3707 S$. Robertson 
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NUCLEAR AND ALLIED PRODUCTS 


Standard Electric Time Co., 89 Logan St., Spring- 
field, Mass. 

Sticht, Inc., Herman H., 27 Park Place, New York 
7, N.Y. 


CLAMPS 


Boeke! & Co., Inc., Wm., 509-519 Vine St., 
Philadelphia 6, Pa. 

Chandler & Stedman, 398 Newfon St., 
Mass 

Eimer & Amend Div. of Fisher Scientific Co., 635 
Greenwich St., New York, N. Y. 

Falstrom Co., 7 Falstrom Court, Passaic, N. J. 

Fisher Scientific Co., 709 Forbes St., Pittsburgh 19, 
Pa. 

Goertner Scientific Corp., 
Chicago, Ii 

Humboldt Mfg. Co., 
7, mW 


Waltham 54, 


1237 Wrightwood Ave., 


2814 N. Whipple $t., Chicago 

Millen Mfg. Co., 
ass. 

Phipps & Bird, inc., 
a 

Precision Scientific Co., 
Chicago 47, til. 

Sorgent & Co., E. H., 4647 W. Foster Ave., Chi- 
cago 30, Ill 

Sovth River Metol Products Co., 377-379 
Turnpike, South River, N. J. 

Tork Clock Co., Inc., Mount Vernon, N. Y. 

Unistrut Products Co., 1013 W. Washington St., 
Chicago 7, Ill. 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


James, 150 Exchange St., Malden, 


303 S. 6th St., Richmond 5, 


3737 W. Cortland St., 


Inc., 


70 Palisade Ave., 


CLEANERS—Bottle 


Allied Chemical & Dye Corp., 
61 Broadway, New York 6, 

linick Chemical Co., 59 E. taathes _ 
, um 

Philadelphia Quartz Co., 
Philadelphia 6, Poa 


CLEANERS—Vacuum 


816 S. 


Say Process Div., 
Chicago 
1146 Public Ledger Bidg., 


American Vacuum Co., Michigan Ave., Chi- 
cago, ti! 

Brever Electric Mfg. Co., 
Ave., Chicago 40, Ill. 
Colloid Equipment Co., Inc., 

York 7, N. Y 
Martindale Electric Co., 1375 Hird Ave., Cleveland 
7, Ohio 
Whittington 1126 
Prospect St., 


5100 N. Ravenswood 


50 Church St., New 


Pump & Engineering Corp., 
indianapolis 3, Ind. 


CLEANING REAGENTS 

Aloe Scientific Div. of A. S$. oo Co., 5655 Kings- 
bury Bivd., St. Lovis 12, 

BERSWORTH CHEMICAL to.” 275 Woverly St., 
Framingham, Mass. ADV. PG. 

General Dyestuff Corp., 435 ‘eden St., New 
York 14, N. Y. 

Jasonols Soe Corp., 1085 Myrtle Ave., Brook- 
lyn 6, 

prow! ‘chemical Co., 
3, 

Pr het Chemical Co., 
Lovis 4, Mo. 

Philadelphia Quartz Co., 
Philadelphia 6, Pa. 

Thomas Co., Arthur H., 
Philadelphia 5, Pa. 


CLOTH—Acid & Alkali Resisting 


Nework Wire Cloth Co., 351 Verona Ave., Newark 

4, N. J 

Owens-Corning Fiberglas Corp., 16 E. 56th St., New 
York 22, N. Y. 


59 E. Madison St., Chicago 
1700 S. Second St., St. 
1146 Public Ledger Bidg., 
W. Washington Square, 


CLOTHING—Acid Proof 


American Optical Co., Southbridge, Moss. 

Bullord Co., E. D., 275 Eighth St., San Francisco 
3, Calif 

Goodrich Co., 8. F., Akron, Ohio 

MINE SAFETY APPLIANCES CO., 201 N. Braddock 
Ave., Pittsburgh 21, Po. ADV. PG. 130 

Owens-Corning Fiberglas Corp., 16 E. 56th St., New 
York 22, N. Y. 

Savereisen Cements Co., Savereisen Bidg., Pitts- 
burgh 15, Pa. 

U. S. Rubber Co., 1230 Avenue of the Americas, 
New York 20, N. Y. 


COATINGS—Conductive 


Acheson Colloids Co., Div. of Acheson Industries, 
Inc., 1630 Washington Ave., Port Huron, Mich. 

Atlas Mineral Products Co., 131 Norman $t., Mertz- 
town, Pa. 


COLORIMETERS 





Biggs Co., Cart H., 11616 W. Pico Bivd., Los An- 
geles, Calif. 

du Pont de Nemours & Co., 
98, Del. 

Emerson & Cuming Co., 
Boston, Mass. 

— Cement Co., 919 Taylor Ave., 


Inc., E. 1., Wilmington 


126 Massachusetts Ave., 
Rockford, 


im. 
Homme! Co., O., 209-213 Fourth Ave., Pittsburgh, 
Pa. 
Interelectronics gue. , 2432 Grand Concourse, New 
York 58, N. 
Linick BM Co., 59 E. Madison St., Chicago 
3, Mm. 
Micro-Cirevits Co., New Buffalo, Mich. 

OPTICAL FILM ENGINEERING CO., 2731-37 N. 
6th St., Philadelphia 33, Pa. ADV. PG. 106 
Savereisen Cements Co., Savereisen Bidg., Pitts- 

burgh 15, Pa. 
Sylvania Electric oo 
New York 19, N. Y. 


Inc., 1740 Broadway, 


COATINGS—Protective 

American Pipe & C iT Co., A 
los Angeles 54, Colif. 

American 49 Chemicals Corp., 
Peabody, 

— The. 7301 Bessemer Ave., Cleveland 27, 

jo 

Armstrong Cork Co., 1010 Concord St., 
a. 

Atlas Mineral Products Co., 131 Normen St., 
town, Pa. 

Biggs Co., Corl H., 


11616 W. Pico Bivd., 

geles, lif. 

a Tag Mfg. Corp., 10 Canfield Rd., Cedar Grove, 
N. J. 

Carboline Co., 7603 Forsythe Bivd., St. 
Mo. 

Cooper Co., D. C., 1467 S. Michigan Ave., Chicago, 
mW. 

Devoe & Roynolds Co., Inc., 787 First Ave., New 
York, N. Y. 

Division Lead Co., 836 W. 
22, Wm. 

du Pont de Nemours & Co., Inc., E. |., 
98, Del. 


at Div., 





103 Foster St., 


Lancaster, 
Mertz- 


les An- 


lovis 5, 


Kinzie St., Chicago 


Wilmington 


Eagle-Picher Co., Cincinnati, Ohio 

Electro-Technical Products Div., Sun a ened 
Corp., 113 E. Centre St., Nutley 10, N. J. 

Genera! Cement Co., 919 Toylor Ave., teciterd, 
mH. 

Emerson & Cuming Co., 126 Massachusetts Ave., 
Boston, Moss. 

Goodrich Co., B. F., 448 S$. Main St., Akron, Ohio 

Goodyear Tire & Rubber Co., rosy Ohio 

Hamilton Kent Mfg. Co., Kent, 

Highside Chemicals Co., 10 ‘cates Ave., Clifton, 


N. J. 
— Co., O., 209-213 Fourth Ave., 
here “Co., nc., A. C., 


Island ‘om 1, N. ¥. 
Inerto! = Inc., 480 Frelinghuysen Ave., Newark 


Pittsburgh, 


10th St. & 44th Ave., Long 


5, N. 

re S.F. eM Ca. 2432 Grand Concourse, New 
York 58, N. 

Irvington Ant & Insulator Co., 6 Argyle Terrace, 
Irvington, N. 

Knight Maurice i, 171 Kelly’ Ave., Akron, Ohio 

Koppers Co., Inc., Koppers Bidg., Pittsburgh, Pa. 

Micro-Circults Co., New Buffalo, Mich. 

Mitchell-Rand oe Co., Inc., 51 
New York 7, 

Nukem Products Son, 

Y 


20, 

Owens Corning a Corp., 
New York 22, 

Pabst Engineering yo Co., 
N. J. 


inc., Elizabeth, 

Philadelphia Quartz Co., ledger 
Bidg., Philadelphia 6, Po. 

Polymer Industries Inc., 1108 30th Ave., Astoria 


N. Y. 
Prufcoct Laboratories, Cambridge 


Murray St., 
111 Colgate Ave., Buffalc 
16 E. Séth St., 


1146 = Puublic 


Inc., 63 Main St., 


, Mass. 

Radioisotope Application Co., 1843 University Ave., 
Berkeley 3, Calif. 

Reichhold Goat, 
York 20, 

Rubber & Plesties Compound > y Inc., 30 Rocke- 
feller Plara, New York 20, 

Savereisen +. en Co., me Bidg., 
burgh 15, 

Scientific Sento, Inc., 
Calif. 

Shell Oi} Co., 50 W. 50th St., New York, N. Y. 

Union Bay State Chemical Co., Cambridge, Moss. 

United Chromium, inc., 100 East 42nd St., New 
York, N. Y. 

U. S. Stoneware Co., Akron 

U. S. GASKET CO., ion 10k Se Niidien th 
ADV. PG. 135 

. S. Rubber Co., yee Avenue of the Americas, 


|. Varney St., Burbenk, Collf. 
112-130 26th St., Brooklyn 32, 


Inc., 630 Fifth Ave., New 


Pitts- 
1417 Solano Ave., Albany, 


416 
sa ills, Inc., 
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COATINGS—Strippable 


Americon Resinovs Chemicals Corp., 103 Foster St., 
1010 Concord St., 
131 Norman St., Mertz- 


Peabody, Mass. 
es S50 Cork Co., Lancaster, 
Ait — Products Co., 


Corbaline <7 7603 Forsythe Bivd., St. Louis 5, Mo. 
Cooper yy D. C., 1467 S. Michigan Ave., Chi- 


Emerson . Bn €o., 126 Massachusetts Ave., 
Boston, 
Irvington Sons & Insulator Co., 10 Argyle Ter- 
race, Irvington, l. 
1108 30th Ave., Astoric, 
N. 
Scientific Service, inc., 1417 Solano Ave., Albany, 
100 E. 42nd St., New York, 


cago, 





Polymer Industries inc., 
¥. 
1843 University 
Ave., Berkeley, 3, Calif. 


if 
ay Chromium, Inc., 


u. ‘. Tiida Co., Akron 9, Ohio 

Varniton Co., 416 N. Vorney St., Burbank, Calif. 

a Mills, Inc., 112-130 26th St., Brooklyn 32, 
» Vv. 


COLLECTORS—Dust 


Aget-Detroit Co., 612 First Nationol 
Ann Arbor, Mich. 

American Air Fitter Co., Inc., 
Lovisville 8, Ky. 
Americon Vacuum Co., 

cago, til. 
Brever Electric Mfg. Co., 5100 N. Ravenswood Ave., 
Chicago 40, IIi. 
Co., The, 820 Third Ave., NE, Minneapolis 
13, Mina. 
Electrovent Fan & Mfg. Co., 812 W. 
Chicoge 7, lil. 
Falstrom Co,., 7 Folstrom Court, Passaic, N. J. 
ay gg Mfg. Corp., 212 Durham Ave., Metuchen, 
J. 


thleenas Blow Pipe & Sheet Metal Works, P. O. 
Box 1692, Houston |, Texos 

ISOTOPE SPECIALTIES CO., 3816 Son Fernando 
. ADV. 


Bank Bidg., 
215 Central Ave., 


816 S. Michigan Ave., Chi- 


loke St., 


Nerthers — Co., 
land 2, 
Pabst AS Equipment Co., Inc., Elizabeth, 


4. 
Pulverizing Machinery Co., 43 Cheatham Rd., Sum- 
mit, N. J. 
Sargent & Co., E. H., 4647 W. Foster Ave., Chi- 
cago n> Ree ii 
Scientific Glass Sate - Inc., 100 Lakewood 


Terrace, Bloomfield, N 
co., H. l, ‘i733 arn St., los 


Angeles 7, Calif. ADV. PG. 
COLORIMETERS 
American Optical Co., Instrument Div., Buffalo 15, 


ltd., Brooklands Works, 


N. Y. 
Baldwin Instrument Co., 
Dartford, Kent, England 
7. Optical Co., 630 St. Poul St., 
N 


Y. 
© ee 820 Mission St., South 


Bausch & 
Rochester 


, 1316 Arch St., Philadelphia 
7, Pa. 
Brociner-Mass Instruments, Inc., 1546 Second Ave., 
N. Y¥ 


28, ° 
Central Scientific Co., 1700 Irving Pork Rd., Chi- 


Colema try Maywood, 
Fisher r Scien Co., "709 Forbes St., piendborgh 19, 
Inc., 3718 Northern Bivd., 


long Island 


jes, 734 Hamil 
—~ ‘NG Ea, 304 Hudnon 8. pet Sotap Gn New 

ork 13, N. Y. ADV. PG. 
e . i Corp., 


York & Mill Rds., Hatboro, 

Phoenix Precision ag = 3803-05 North 
Sth St., Philadelphia, 

Photocon Research Predoonee 421 N. Foothill Bivd., 
Pasodenc 7, 


Calif. 
rs hmmm oS Modison Ave., New York 16, 
Y. 
Bubicon Co. 
3 
Sergent & Co., E. H., 4647 W. Foster Ave., Chi- 


cago 30, Ill. 
Welch Scientific Co., W. M., 1515 Sedgwick St., 
Chicago 10, II. 
Will Corp., Rochester 3, N. 
Sion Rinceee Guceee Oke 70 Palisode Ave., 
Yonkers 2, N. Y. 


Ave., Menlo 








Ridge Ave. at 35th St., Philadelphic 


D-11 


ten a A AL aN ia, 


ae 











COLUMNS 





COLUMNS—Absorption 


Babcock & Wilcox Co., 161 E. 42nd St., 
York 17, N. Y. 

Daylight Vacuum Products Co., 
Ave., Chicago 30, Il! 

Fisher Scientific Co., 709 Forbes St., 
Pa. 

Glass Engineering Laboratories, 

Hickey Inc., Fred S., 5041 W. 
44, ill. 

Knight, Maurice A., 171 

leader Iron Works, "tne., 
W 


New 
5207 N. Milwaukee 
Pittsburgh 19, 


Calif. 
Chicago 


Belmont, 
lake St., 


Kelly Ave., Akron, Ohio 
2110 N. Jasper, Decatur, 


Rochester, N. Y. 
100 Lakewood 


Pfaudler Co , 1002 West Ave., 
Scientific Glass Apparatus Co., Inc., 
Terrace, Bloomfield, N . 
Struthers-Wells Corp., Warren, Pa 
U. S. Stonewore Co., Akron 9, Ohio 


COLUMNS—Distilling, Fractionating, 
etc. 


Americon Copper & Bross 
2, Ohio 

Babcock & Wilcox Co., 
17, N.Y 

Brighton Copper Works, Inc., 
Cincinnati, Ohio 

Corning Gloss Works, Corning, N 

Daylight Vacuum Products Co., soy N. Milwaukee 
Ave., Chicago 30, II! 

Fisher Scientific Co., 709 Forbes St., 
Pa. 

General Mixing Equipment Co., 
Philadelphia, Pa. 

Glass Engineering Laboratories, 

Hickey Inc., Fred S., 5041 W. 
44, Ii 

Knight, Maurice A., 171 Kelly Ave., Akron, 

leader Iron Works, Inc., 2110 N. Jasper, 
WW 


Works, Inc., Cincinnati 


161 E. 42nd St., New York 


2146 Colerain Ave., 


Pittsburgh 19, 
413 N. 3rd St., 


Calif. 
Chicago 


Belmont, 
lake St., 


Ohio 
Decatur, 


1002 West Ave., 
Labs., Inc., 


Rochester, N. 


Pfoudler Co., 4 
1844 W. 21st St., 


Radiation Counter 
Chicago 8, II! 

Sorgent & Co., 
cago 30, Ill 

Scientific Gloss Apparatus Co., Inc., 100 Lakewood 
Terrace, Bloomfield, N. J. 

Struthers-Wells Corp., 

U. S. Stoneware Co., 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


E. H., 4647 W. Foster Ave., Chi- 


Worren, 
Akron 9, Ohio 
70 Palisade Ave., 


COLUMNS—lon Exchange 


Hickey Inc., Fred S., 5041 W. Lake St., Chicago 
44, iN 


Ilinois Water Treatment Co., 858 Cedar St., Rock- 
ford, tl! 

Infilco, Inc., P. O. Box 5033, 

KONTES GLASS CO., Spruce St., 
ADV. PG. 126 

leoder Iron Works, Inc., 
m 

Permutit Co., 330 W. 42nd St 

Radiation Counter Labs Inc., 
Chicago 8, Il. 

Radioisotope Application Co., 
Berkeley 3, Golif 

Sargent & Co., E. H., 
cago 30, II! 

Scientific Glass Apporatus Co., Inc., 
Terrace, Bloomfield, N. J 

Scientific Service, Inc., 1417 Solano Ave., 
Calif 


COMPARATOR—DENSITOMETERS 


1237 Wrightwood Ave., 


Tucson, Ariz. 

Vineland, N. J. 
2110 N. Jasper, Decatur, 
New York 36, N. Y. 
1844 W. 21st St., 


1843 University Ave., 
4647 W 
100 Lakewood 


Albany, 


Goertner Scientific Corp., 
Chicago, tI! 

Jarrell-Ash Co., 

leeds & Northrup Co., 
delphia 44, Pa 

Standord Electronics Research Corp., 
Ave., New York 21, N. Y 

Welch Scientific Corp., W. M., 
Chicago 10, II! 


COMPARATORS—Hydrogen lon 


CAMBRIDGE INSTRUMENT CO., INC., 3786 Grand 
Central Terminal, New York 17, N. Y. AD 
123 

Central Scientific Co., 
cago 13, II! 

laMotte Chemical Products Co 

leeds & Northrup Co., 4970 Stenton Ave., 
deiphia 44, Pa 

Yonkers Laboratory Supply Co 
Yonkers 2, N. Y 


165 Neuberry St., 
4970 Stenton Ave., 


Boston 16, Mass. 
Phila- 


2 East End 


1515 Sedgwick St., 


1700 Irving Pork Rd., Chi- 
Towson 4, Md. 
Phita- 


70 Palisede Ave., 


COMPARATORS—Micro Photometer 


Farrand Optical Co., Inc., Bronx Bivd. of E. 238th 
St., New York 70, N 
Goertner Scientific Corp., 


Chicago, Iii. 
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‘1237 Wrightwood Ave., 


. 
Foster Ave., Chi- 


Jarrell-Ash Co., 

leeds & Northrup Co., 
deiphia 44, Pa. 

Measurement Engineering 
Canada 

Phoenix Precision Instrument Co., 
5th St., Philadelphia, Pa. 

Welch Scientific Co., W. M., 
Chicago 10, III. 


COMPRESSORS 
Beach-Russ Co., 44 Church St., 


Carrier Corp., 300 S. Geddes St., 
Clark Bros. Co., Inc., Lincoln Ave, & 


165 Neuberry St., Boston 16, Mass. 
4970 Stenton Ave., Phila- 
Ontario, 


ltd., Arnprior, 


3803-05 North 
1515 Sedgwick St., 


New York 7, N. 4 


Syracuse 1, N. 

15th _ 

bv 

. D. C., 1467 $. Michigan Ave., Chi- 

Doyten’ tate Mfg. Co., 748 W. Adams, Chicago, 
i. 

Decora Mfg. Co., Emeryville, Calif. 

Joy Mfg. Co., Oliver Bidg., Pittsburgh 22, Po 

Kahlenberg Bros. Co., 12th & Monroe Sts., Two 
Rivers, Wis. 

Keystone Compressor Co., 
Philadelphia 36, Pa. 
Phillips-Drucker, 2245 S. Vandeventer Ave., St. 

lovis, Mo. 
Resdei ow 2351 
geles 39, Calif 
Worthington Corp. , 426 Worthington Ave., 


8417 Hagerman St., 


Riverside Drive, Los An- 


Harri- 


sun, N. J. 
York Corp., York, Pa. 


COMPUTERS—Analog 


American Electronic Laboratories, Inc., 64! 
St., Philadelphia 6, Pa. 

Arma Corp., 254 36th St., Brooklyn 32, N. Y. 

ATOMIC INSTRUMENT CO., 84 Massachusetts Ave., 
Cambridge 39, Mass. ADV. PG. 23 

Atomlab, Inc., 489 Fifth Ave., New York 17, N. Y 

Audio Instrument Co., 113 W. 14th St., New York 

N. Y. 


Arch 


Avion Instrument Corp., Paramus, N. J. 

Beckman Instruments, Inc., 820 Mission St., 
Pasadena 183, Calif. 

Computer Corp. of America, 
York, N. 

Consolidated " Engineering Corp., 
Madre Villa, Pasadena 8, Calif. 

Davies Laboratories, Inc., 4705 Queensbury Rd., 
Riverdale, Md. 

ag Mec Laboratory, 


South 


149 Church St., New 


300 N. 


Sierra 


19 Murray St., New York 


ELECTIONIC an, INC., long Branch, 
PG. 


® s-10 Thomson Ave., Long 

N. 

GENERAL ELECTRIC CO., Apraratus Sales Div., 
Schenectady 5, " Y. ‘ADV PGS. 2-5 

General Magnetics, iInc., 135 Bloomfield Ave., 
Bloomfield, N. J. 

Gerber Scientific Instrument Co., 
Hartford, Conn. 

Goodyear Aircraft Corp., Akron 15, Ohio 

LABORATORY FOR ELECTRONICS 1 43 
St., Boston 15, Mass. ADV. PG. 

Leland Instruments Ltd., 22-23 niteesk, 

W. 1, England 

Librascope, Inc., 1607 Flower St., Glendale 1, 

Miller Corp., William, 325 N. Halstead Ave., 
dena 8, Calif. 

Minnesota Electronics Corp., 
Paul 1, Minn. 

North American Philips Co., Inc., 
New York 17, N. Y. 

Nuclear Specialty Co., P. O. Box 
Moriches, N. Y. 

Raytheon Mfg. Co., Equipment Sales Div., 
4, Mass 


The, 89 Spruce St., 


leon 
London, 


Colif. 
Pasa- 


47 W. Water St., St. 
100 E. 42nd St., 
455, Center 
Waltham 


Reeves 215 E. 9st, New York 
28, 
Resdel Reiedias 
geles 39, Calif. 
Servo Corp. of America, 2020 Jericho Turnpike, New 

Hyde Park, N. Y. 
SERVOMECHANISMS, INC., Post & Stewart Aves., 
Westbury, N. Y. ADV. PG. 109 
Streeter-Amet Co., 4101 Ravenswood Ave., 
13, 1 


instrument Corp., 
Y 


2351 Riverside Drive, Los An- 


Chicago 


Vectron, Inc., 400 Main St., Waltham 54, Mass. 


COMPUTERS—Digital 


Air Associates, Inc., Teterboro, N. J. 

Applied Science Corp. of Princeton, P. O. Box 44, 
Princeton, N. J. 

Arma Corp., 254 36th St., Brooklyn 32, N. Y 

ATOMIC INSTRUMENT CO., 84 Massachusetts Ave., 
Cambridge 39, Mass. ADV. PG. 23 

Audio Instrument Co., 113 W. 14th St., 
7, © ¥ 

Avion Instrument Corp., 

Computer Research Corp., 
Bivd., Hawthorne, Calif. 

Consolidated Engineering Corp., 
Madre Villa, Pasadena 8, Calif. 


New York 


Paramus, N. 
3348 W. a Segundo 


300 N. Sierra 


1952-1953 DIRECTORY of 


Electronic Computer a » 160 Avenue of the Amer- 
icas, New York 13, Y. 

Engineering Research RS Inc., 
Minnehaha Ave., St. Pau! 4, Minn. 
Ferranti noe inc. , Rockefe! ler Plaza, 

York 20, 
GENERAL erecta CO., Apparatus 
Schenectady 5, N. Y. ADV. S. 
weer Laboratories, Inc., 155 Perry St., 
14, N. Y. 


1902 W. 
New 
Sales Div., 
2-5 

New York 


Jacobs Instrument Co., 4718 Bethesda Ave., 
Bethesda, Md. 

LABORATORY FOR ELECTRONICS, INC., 
St., Boston 15, Mass. ADV. PG, 15 


1607 Flower St., 


43 Leon 

Librascope, Inc., Glendale 1, 
Calif. 

Miocene Electronics Corp., 47 W. Water St., St. 
Pau! 1, Minn. 

NUCLEAR DEVELOPMENT ASSOCIATES, INC., 80 
Grand St., White Picins, N. Y. ADV. PG. 110 

Instrument Co., Inc., 115 Cutter Mill Rd., 

Great Neck, N. Y. 

Raytheon Mfg. Co., 
54, Mass. 

Resdel Engineering, 2351 
geles 39, Calif. 

Servo Corp. of America, 2020 Jericho Turnpike, New 
Hyde Park, N. 

TECHNITROL ENGINEERING corP., 2751 
St., Philadelphia 33, Pa. ADV. Ps. 132 

Vectron, inc., 400 Main St., Waltham 54, Mass. 

Walkirt Co., 145 W. Hazel, Inglewood, Calif. 

Weany Laboratories, 296 Columbus Ave., Boston 
16, Mass 


Equipment Sales Div., Waltham 


Riverside Drive, Los An- 


N. 4th 


COMPUTERS—Electronic 


Acme Electronics, Inc., 300 N. Loke Ave., Pasa- 
dena 4, Calif. 

Air Associates inc., Teterboro, N. J. 

American Electronic Laboratories, Inc., 641 
St., Philadelphia 6, Pa 

Applied Science Corp. of Princeton, 
Princeton, N. J 

Arma Corp., 254 36th St., Brooklyn 32, N. Y. 

ATOMIC INSTRUMENT CO., 84 Massachusetts Ave., 
Cambridge 39, Mass. ADV. PG. 23 

Atomlab, Inc., 489 Fifth Ave., New York 17, N. Y. 

Audio Instrument Co., 113 W. 14th St., New York 
13, N.Y. 


Arch 
P. O. Box 55, 


Poramus, N. 
820 salesion St., 


Avion Instrument Corp., 
Beckman Instruments, inc., 
Pasadena 183, Calif. 
Bogue Electric Mfg. Co., 52 lowa Ave., Paterson 3, 

N. J. 


South 


Cedar Rapids, 


Collins Radio Co., owa 
ie Church St., 


Computer Corp. of America, 
York, N. Y 

Computer Research Corp., 
Bivd., Hawthorne, Calif. 

Consolidated Engineering Corp., 
Madre Villa, Pasadena 8, Colif. 

Cossor (Canada) Ltd., 301 Windsor St., 
N. S., Canoda 

Davies Laboratories, 
Riverdale, Md. 

Detectron Co., 5631 
wood, Calif. 

Electro-Mechanical 
none Cenn 
wer ASSOCIATES, 
ON ADV 

iocbuens seth - N 
Americas, New York 13, N. Y. 

Engineering Research Associates, Inc., 
Minnehaha Ave., St. Pou! 4, Minn. 

Ford vere sasgeed Co., 31-10 Thomson Ave., 
Island City, N. 

GENERAL clectaic CO., Apporctus Sales 
Schenectady 5, N. Y ADV. PGS. 2-5 

Goodyear Aircraft Corp., Akron 15, Ohio 

Hogan Laboratories, inc., 155 Perry St., 
14, N. Y. 

Jacobs Instrument Co., 
Bethesda, Md 

LABORATORY FOR ELECTRONICS, INC., 
St., Boston 15, Mass. ADV. PG. 15 

Leland Instruments Ltd., 22-23 Millbank, 

Ss 1, England 

1607 Flower St., 


New 


3348 W. El Segundo 


300 N. Sierra 


Halifax, 


Inc., 4705 Queensbury Rd., 


Cahvenge Bivd., North Holly- 


Research, Inc., 64 Main St., 


INC., long Branch, 


160 Avenue of the 
Y 

1902 W. 
long 


Div., 


New York 


4718 Bethesda Ave., 


43 Leon 
London, 


Librascope, inc., Glendale 1, 

Melpar Inc., 452 Swann Ave., Alexandria, Va. 

Miller Corp., William, 325 WN. Halstead Ave., 
Pasadena 8, Calif. 

a a ecvonten Corp., 
Pa 

NUCLEAR DEVELOPMENT oie iNC., 80 
Grand St., White Plains, N. ADV. PG. 110 

Nuclear Specialty Bane: Ps. D e. 455, Center 
Moriches, N. Y. 

Pacific Division, Bendix Aviation Corp., 
Sherman Way, North Hollywood, Calif. 
Potter Instrument Co., 115 Cutter Mill Rd., 
Neck, N. Y. 
Radiation Counter 
Chicago 8, Ii. 
Raytheon Mfg. Co., 

54, Mass. 


47 W. Water St., St. 


11600 
Great 
Labs., Inc., 1844 W. 21st St., 


Equipment Sales Div., Walthom 
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NUCLEAR AND ALLIED PRODUCTS 


Resde! Engineering, 2351 Riverside Drive, Los An- 
geles 39, Calif. 

Servo Corp. of ga 2020 Jericho Turnpike, New 
Hyde Park, N. 

SeaVOMECHANISIAS, INC., Post & Stewart Aves., 
Westbury, N. Y. ADV ‘PG. 109 

T ‘, G. b ages Corp., 31 W. 27th St., New York 

N. 

TECHNITROL ENGINEERING CORP., N. 4th 
St., Philadelphic 33, Pa. ADV. PG 

400 Main St., Waltham 54, Moss. 

145 W. Hazel, Inglewood, Calif. 


CONNECTORS—Electrical 


AMERICAN PHENOLIC ag 
Chicago 50, tll. ADV. 
Cannon Electric Co., 3209 A St., 
geles, Colif 
Elco Corporation, 
deiphia 40, Po 
Scintilia Magneto Div., 
ney, N. Y¥ 
Titeflex, inc., 


2751 
. 132 
Vectron, Inc., 
Walkirt Co., 


1830 S. 54th Ave., 
100 

los An- 
190 W. Glenwood Ave., Phila- 
Bendix Aviation Corp., Sid- 


500 Frelinghuysen Ave., Newark 5, 


N. J 
WINCHESTER ELECTRONICS, INC., Glenbrook, 
Conn. ADV. PG. 119 


CONTAINERS—Acid Proof 


Atlas Mineral Products Co., 131 Norman St., Mertz- 
town, Pa. 

BAR-RAY PRODUCTS, INC., 
32, N. Y. ADV. PG. 112 

Belke Mfg. Co., 947 N. Cicero Ave., Chicago 51, 
Ww 

Consolidated Siphon ad Co., Inc., 24 Wooster 
St., New York, L 

Corning Glass Works, } N. 

Division Lead Co., 836 W. Caste St, 
Wi. 

General Ceramics & Steatite Corp., 250 Crows Mill 
Rd., Keasbey, N. J. 

Goodrich Co., 8. F., Akron, Ohio 

Knight, Maurice A., 171 Kelly Ave., Akron, Ohio 

Nationa! Lead Co., 111 Broadway, New York 6, 
N. Y. 

= Engineering Equipment Co., Inc., Elizabeth, 

J. 


209 25th St., Brooklyn 


Chicago 22, 


Bi Corp. of Penna., The, Reading, Pa. 
U. S$. Stoneware Co., Akron 9, Ohio 


CONTAINERS—Glass 


Armstrong Cork Co., 1010 Concord St., Lancaster, 
Pa 

Corning Glass Works, Corning, N. Y. 

Daylight Vocuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, til. 

Paragon Gloss Works, 
Elizabeth 3, N. J. 

Special Glass Products Co., 
York, N. Y¥. 

Scientific Glass Apportus Co., Inc., 
Terrace, Bloomfield, N. J. 

Wokefield Industries, Inc., 5108 Grove St., 
iit. 

Yonkers Laborotory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y¥ 


CONTAINERS—Glass Lined 


Pfoudier Co., 


Inc., 963 Newark Ave., 
2 W. 33rd St., New 
106 Lakewood 


Skokie, 


1002 West Ave., Rochester, N. Y. 


CONTAINERS—Hard Rubber 


Belke Mfg. Co., 
mW 

Luzerne Rubber Co., Dewey St., Trenton, N. J. 

U. S. Rubber Co., 1230 Avenue of the Americos, 
New York 20, N. Y. 


CONTAINERS—tLead or Lead Lined 


P. ©. Box 34, 56 Water St., 


947 N. Cicero Ave., Chicago 51, 


Alphe Metals Inc., 
Jersey City, N. J. 

American Smelting M Refining Co., 120 Broadway, 
New York 5, N .Y. 

Atomlab, Inc., 489 vith Ave., New York 17, N. Y. 

BAR-RAY PRODUCTS INC., 209 25th St., Brooklyn 
32, N. Y. ADV. PG. 112 

Belke Mfg. Co., 947 N. Cicero Ave., Chicege 51, 
Wm. 

Bohn Wood Products Co., Rovte 30 E, Fort Wayne, 
Ind. 

Division leod Co., 
tu. 

El-Tronics, 


836 W. Kinzie St., Chicago 22, 


Philadelphia 
33, Pa 


Federated Metals Div., American Smelting & Refin- 
ing Co., 120 Broodway, New York 5, N. Y. 

ISOTOPE "SPECIALTIES co., -g- tod Fernando &d., 
Glendale, Calif. Vv. ‘PG. 

‘eee Co., 


Inc., 2649 N. Howord St., 


Kling Metal 
York 13, N 


iva” Centre St., New 


CONTROLS 





Metal Products Corp., 48 W. 19th St., 


Broadway, New York 6, 


Weehawken, 
N. J. 

National Lead Co., 111 
N.Y 


NUCLEAR INSTRUMENT & CHEMICAL CORP., 223 
w. Bg: St., Chicago 10, Ili. ADV. PG. Back 
Cow 

— “Enainaering Equipment Co., Inc., Elizabeth, 

omnes = lobs., 
Chicago 8, 

Radium Chacntont Co., 161 E. 42nd St., New York 


Inc., 1844 W. 21st St., 


17, N. 

Radioisotope Application Co., 1843 University Ave., 
Berkeley 3, Calif. 
Scientific Service, Inc., 

Calif. 
TECHNICAL ASSOCIATES, INC., 140 W. Providencia 
Ave., Burbank, Calif. ADV. PG. 130 
TRACERLAB, INC., 130 High St., Boston 10, Mass. 
ADV. PG. 24 


U. S. Stoneware Co., Akron 9, Ohio 
Wirz, Inc., A. H., Chester, Pa. 


CONTAINERS—Metal 


Aluminum Co. of America, 80! Gulf Bidg., Pitts- 
burgh, Pa. 

BAR-RAY PRODUCTS, INC., 209 25th St., 
32, N. Y. ADV. "PG. 112 

Bristo! Metal Products Corp., Bristol, 

Canister Co., Inc., Phillipsburg, N. J. 

Consolidated Siphon Supply Co., 24 Wooster $t., 
New York, N. Y. 

Cytler Metal Products Co., Camden, N. J. 

Durlach Con & Iron Works, 168 7th, Brooklyn, N. Y. 

Emerson-Sock-Warner Corp., 150 Dorchester Ave., 
Boston 23, Mass. 

Falstrom Co., 7 Falstrom Court, Passoic, N. 

Harford Metal Products, Inc., P. O. Box 459, és. 
deen, Md 

Houston Blow Pipe & Sheet Metal Works, P. O. Box 
1692, Houston 1, Texas 

Kling Metal Spinning Co., 
York 13, 

Linde Air penouss Co., Div. of Union Carbide & 
Carbon Corp., 30 E. 42nd St., New York 17, N,. Y. 

Metal Products Corp., 48 W. 19th St., Weehawken, 
N. J 


1417 Solano Ave., Albany, 


Brooklyn 


Tenn. 


174 Centre St., New 


Radiation Counter Labs., 
Chicago 8, II. 
Wirz, Inc., A. H., Chester, Pa. 


CONTAINERS—-Paper 


Canister Co., Inc., Phillipsburg, N. J. 


CONTAINERS—Plastic 


Emerson & Cuming Co., 126 Massachuusetts Ave., 
Boston, Mass. 

Genera! Cement Co., 919 Taylor Ave., 

General Electric Co., Chemical 
Ave., Pittsfield, Mass. 

Gits Molding Corp., 4600 W. Huron St., 
44, Wl. 


Inc., 1844 W. 21st St., 


Rockford, ti. 
Div., 1 Plastics 


Chicago 


Keller Products, Inc., Manchester, N. H. 

Pabst Engineering Equipment Co., Inc., Elizabeth, 
ee. J. ' 

Phipps & Bird, Inc., 303 S. 6th St., 
Va. 

Radiation Counter Labs., Inc., 1844 W. 21st St., 
Chicago 8, Ill. 

Spaulding Fibre Co., Inc., 310 Wheeler St., 
wanda, N. 

U. S. Stonewore Co., Akron 9, Ohio 

Yonkers Laboratory Supply Co., 70 Palisode Ave., 
Yonkers 2, N. Y 


CONTAINERS—Stoneware 


General Ceramics & Steatite Corp., 250 Crows Mil! 
Rd., Keasbey, N. J. 

Knight, Maurice A., 171 Kelly Ave., 

U. S. Stoneware Co., Akron 9, Ohio 


CONTROLLERS—Proportioning 


Arma Corp., 254 36th St., Brooklyn 32, N. Y. 

Automatic Temperature Controi Co., Inc., 
Pulaski Ave., Philadelphia 44, Pa. 

Bristol Co., The, Waterbury 20, Conn 

Builders-Providence, Inc., P. O. Box 1342, Provi- 


Richmond 5, 


Tona- 


Akron, Ohio 


5206 


dence 1, R. |. 
al & Porter Co., 50 County Line Rd., Hotbore, 
Ford. yy A ee 31-10 Thomson Ave., 
Island City, N. 
Foxboro Co., 38 stapenel ne Foxboro, Mass. 
Hays Corp., Michigan City, |! 
Industrial Controls, inc., 525 m Noble St., Chicago 


long 


Infilco, Inc., P. O. Box 5033, Tucson, Ariz. 
Lapp Insulator Co., inc., 31 Gilbert St., LeRoy, 


Leahy ie, Co., East 8th & Alameda, Los Angeles, 
21, 

Leeds & iotiews Co., 4970 Stenton Ave., Philadel- 
phia 44, Pa. 
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Precision Scientific Co., 3737 W. Cortland St., Chi- 
cago 47, 

Robinette Co., W. C., 802 Fair Oaks Ave., South 
Pasadena, Calif. 

Vectron, Inc., 400 Main St., Waltham 54, Mass. 


CONTROLS—Counting & Sorting 


Airmec Laboratories, Lid., High Wycombe, Bucking- 
hamshire, England 
Arma Corp., 254 36th St., Brooklyn 32, N. Y. 
Automatic Temperature Control 
Pulaski Ave., Philadelphio 44, Pa. 
— Co., Box 722, Denville, Conn. 
Barnes Development Co., 213 W. Baltimore Pike, 
Lansdowne, Pa. 
Berkeley Scientific Div. of Beckman 
2200 Wright Ave., Richmond, Colif. 
Berkshire Laboratories, 588 Beaver Pond Rd., Lin- 
coin, s 
Bristo! Co.,’ The, Waterbury 20, Conn. 
Computer Research Corp., 3348 W. EI 
Bivd., Howthorne, Calif. 
Electrodyne Co., 32 Oliver St., Boston, Moss 
Electro-Physics Corp., 287 Broodway, New York 7, 
N.Y. 
Engineering Research Associates, inc., 
Minnehaha Ave., St. Poul 4, Minn. 
GENERAL ELECTRIC CO., Apparatus Soles Div., 
Schenectady 5, N. Y. ADV. ®GS. 2- 

Industria! Controls, Inc., 525 N. Noble St., Chi- 
cago 22, Ill. 

Magnofiux Corp., 5900 Northwest Highway, Chicago 
31, Mm. 

Magnetic Amplifiers, 
York 55, N. Y. 
North American Philips Co., Inc., 

New York 17, N. Y. 
Photobell Company, 116 Nassau St., New York 7, 
N. Y. 
Photoswitch, Inc., 77 
Potter Instrument Co., 


Instruments, 
Segundo 


1902 W. 


Inc., 632 Tinton Ave., New 


100 E. 42nd St., 


Broadway, Cambridge, Mass. 
115 Cutter Mill Rd., Great 


Neck, N. Y. 
Production instrument Co., 710 W. Jackson Bivd., 
INSTRUMENT LAB., 
— b.. Chicago 36, Ill. ADV. PG. 
Inside Back Co 
Square Root Bg Gain 391 Saw Mill River Rd., 
Yonkers, N. 
Rated Electronics Research Corp., 
Ave., New York 21, N, Y. 


CONTROLS—Film Thickness 


Automatic Temperature Control Co., 5206 
Pulaski Ave., Philadelphia 44, Pa. 
—. Instrument Co., Utd., Brooklands Works, 


2 East End 


Kent, England 
ecwedyes Co., 32 Oliver St., Boston, Moss. — 
COLE, LTD., & K., fh Div. 

Wiltshire, Englond. ADV. PG. 28 
Foxboro Co., 38 Neponset Ave., Foxboro, Moss. 
Gulton Mig. Corp., 212 Durhom Ave., Metuchen, 





N. J, 
Industria! Controls, inc., 525 N. Noble St., Chicago 

22, 
1205 Chesapeake Ave., 


Industrial Nucleonics Corp., 
Columbus 12, Ohio 
Magnafiux Corp., 5900 Northwest Highway, Chicago 
31, i. 
Ohmart Corp., The, 2347 Ferguson Ave., Cincin- 
nati 38, Ohio 
Perkin-Elmer Corp., Norwalk, Conn. 
RADIOACTIVE PRODUCTS INC., 443 W. Congress 
St., Detroit, Mich. ADV. PG. 
SERVOMECHANISMS, INC., Post & Stewart Aves., 
lestbury, N. Y. ADV. PG. 109 
Stondard Electronics a Corp., 
Ave., New York 21, N. Y. 
TRACERLAB, INC., 130" High St., 
. PG. 24 


2 East End 
Boston 10, Mass. 


CONTROLS—Fivid gerd 

Air A jates Inc. 

Alloy Stee! Products Co., 1500 we "Elizabeth Ave., 
linden, N. J. 

— Regulator Co., 240 E. Ontario St., 


ASSOCIATED VALVE & ENGINEERING S 
W. Marquette Rd., Chicago 21, Il. 
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Automotic Tempercture Control Co., 
Pulaski Ave., Philadelphia 44, Pa. 

Builders-Providence, inc., P. O. Box 
dence 1, &. |. 

Bristol Co., The, Waterbury 20, Conn. 

Brooks Rotameter Co., Box A-1347, Lansdale, Pa. 

Caltron Co., 1406 S$. “Hobart Bivd., Los Angeles 6, 


Calif. 

Conofiow Corp., 2100 Arch St., Philadelphia 3, Pa. 

Daylight Vacuum Products Co., 5207 N. Milwavkee 
Ave., , 1M. 

Denison Engineering Co., 1186 Dublin Road, Colum- 
bus, Ohio 

Eclipse-Pioneer Div., Bendix Aviation Corp., Teter- 

J. 

Fischer & Porter Co., 50 County Line Rd., Hatboro, 

Pa. 


Teter’ 





Chicago 
1150 

PG. 
5206 
1342, Provi- 


D-13 











CONTROLS 





Ford Instrument Co., 31-10 Thomson Ave., Long 
Island City, N. Y. 

Foxboro Co., 38 Neponset Ave., Foxboro, Mass. 

Fulton Syiphon Division, Robertshaw-Fulton Controls 
Co., Knoxville 4, Tenn. : 

General Controls Co., Glendale 1, Calif. 


CONTROLS—Indicating, Milli- 
voltmeter, Pyrometer 


Bristol Co., The, Waterbury 20, Conn. 
Electric "Hotpack Co., Inc., 5035 Cottman Ave., 





Guliton Mfg. Corp., 212 Durham Ave., M h 

aNd 

Hammel-Doh! Co., 175 Post Rd., (Warwick) Provi- 
dence 5, &. |. 

Hoys Corp., Michigan City, |! 

Industrial Controls, Inc., ses N. Noble St., 

22, Wi. 

Infileo, Inc., 

Koh! Scientific 
Cajon, Calif. 

Keckley Co., O. C., 400 W. Madison St., 


Chicago 


P. ©. Box 5033, Tucson, Ariz. 
Instrument Corp., Box 1166, El 


Chicago 


Kieley & Meuller, Inc., North Bergen, N. 

leochy Mfg. Co., East "ath & Alameda, he Angeles 
21, Calif 

Leeds & Northrup Co., 4970 Stenton Ave., Philo- 


delphia 44, Pa. 
Hi ywell Reguiator Co., 2753 Fourth 
$., Minneopolis, Minn. 
MINNEAPOLIS-HONEYWELL REGULATOR CO., Wayne 
1& Roberts Aves., Philadelphia 44, Pa. ADV. PG. 





2 

Phoenix Precision Instrument Co., 3803-05 North 
5th St., Philadelphia, Pa. 

Robinette Co., W. C., 802 Fair Oaks Ave., South 
Pasadena, Calif. 

Swartwout Co., 18547 Euclid Ave., Cleveland, Ohio 

Taylor Instrument Companies, $5 Ames St., Roc! 


ter, N. Y. 
U. S. Gauge Div., American Machine & Metals, 
Inc., Sellersville, Pa. 


CONTROLS—Humidity 


American Instrument Co., Inc., 
Silver Spring, Md. 

Automatic Temperature Contro! Co., Inc., 5206 Pu- 
laski Ave., Philadelphia 44, Po. 

Bristol! Co., The, Waterbury 20, Conn. 

Colloid Equipment Co., Inc., 50 Church St., New 
York 7, N. Y. 

Daylight Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, III. 

Eclipse-Pioneer Div., Bendix Aviation Corp., 
boro, N. 

Foxboro Co., "38 Neponset Ave., Foxboro, Mass. 

Genera! Controls Co., Glendale gf Calif. 

Hammel-Dah! Co., 175 Post Rd., (Warwick) Provi- 
dence 5, R. |. 

—— Controls, 
22, 

pe. .2. oe Co., 507 E. Michigan St., 
kee 2, Wis. 

leeds & Northrup Co., 
deiphia 44, Pa. 

Minneapolis-Honeywel!l Regulator Co., 
Ave. S., Minneapolis, Minn 

MINNEAPOLIS-HONEYWELL REGULATOR CO., Wayne 
& Roberts Aves., Philadeiphia 44, Pa. ADV PG. 
29 

Powers Regulator Co., 3400 Oakton, Skokie, III. 

Serdex, Inc., 91 Cambridge St., Boston, Mass. 

Taylor Instrument Companies, 95 Ames St., Roches- 
ter, N. Y. 

Thermo Instrument Co., 1265 Old County Rd., Bel- 
mont, Calif 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
Frelinghuysen Ave., Newark 5, N. J. ADV. PG. 


102 


8030 Georgia Ave., 


Teter- 


Inc., 525 N. Noble St., Chicago 
Milwau- 
4970 Stenton Ave., Phila- 


2753 Fourth 


CONTROLS—indicating, 
Millivoltmeter 


Bristol! Co., The, Waterbury 20, Conn. 
Fielden Instrument Division, Robertshaw-Fulton 
= a Co., 2920 N. 4th St., Philadelphia 33, 


38 Neponset Ave., Foxboro, Mass. 
Glendale 1, Calif. 
525 N. Noble St., Chi- 


Pa Co., 

General Controls Co., 

Industrial Controls, Inc., 
cago 22, III. 

leeds & Northrup Co., 4970 Stenton Ave., Phila- 
delphia 44, Pa. 

——_ Honeywell aad Co., 2753 Fourth 

S., Minneapolis, Minn 

MINNEAPOLIS! HONEYWELL REGULATOR CO. , Wayne 

& Roberts Aves., Philadelphia 44, Pa. ADV. PG. 


29 
Pyrometer Instrument Co., Inc., Bergenfield, N. J. 
Simpson Electric Co., Div. of American Gage & Ma- 
chine Co., 5208 W. Kinzie St., Chicago 44, Til. 
Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 
— West Corp., 525 N. Noble St., Chicago 22, 
m. 


WESTON ELECTRICAL INSTRUMENT Poy 614 
aca Ave., Nework 5, N. J. . PG. 
02 


wheels Instrument Co., 847 W. Harrison St., Chi- 
cago 7, Il. 


D-14 


Pa. 
Fielden Instrument Division, Robertshaw-Fulton Con- 
trols Co., 2920 N. 4th St., Philadelphia 33, Pa. 
Foxboro Co., 38 Neponset Ave., Foxboro, Mass. 
industrial Controls, Inc., 525 N. Noble St., Chi- 
cage 22, Ill, 
leeds & Northrup Co., 4970 Stenton Ave., Phila- 
dtlobie 44, Po. 





ywell Regul Co., 2753 Fourth 
Ave. S., Minneapolis, Minn. 

MINNEAPOLIS-HONEYWELL REGULATOR co., 
Aves., Philadeiphia 44, Pa. 


Pyrometer Instrument Co., , Bergenfield, N. J. 

Square Root — 4 Corp., a “Saw Mill River Rd., 
Yonkers, N. 

Taco West Corp., 525 N. Noble St., Chicago 22, II. 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
a Ave., Newark 5, N. J. ADV. PG. 
10: 


Wheelco Instrument Co., 847 W. Harrison St., Ch 
cago 7, lil. 


CONTROLS—tiquid Level 
Alco Valve Co., 865 Kingsland Ave., St. 


io. 
nate, Co., 
waukee 4 


» Wis. 
a oar Regulater Co., 240 E. Ontario St., Chicago 


ASSOCIATED VALVE & ENGINEERING CO., 1150 
% Marquette Rd., Chicago 21, til. ADV. PG. 


Automatic Temperature Control Co., 5206 
Pulaski Ave., Philadelphia 44, Pa, 
oe. > ae Mfg. Co., 52 lowa Ave., 


eriskes ce., The, Waterbury 20, 

Bullders-Providence, inc., P. o “box 1342, Provi- 
dence \, 

Colloid Equipment Co., 

York 7, N. Y. 
Conoflow Corp., 2100 Arch St., Philadelphia 3, Po. 
Consolidated Siphon Supply Co., Inc., 24 Wooster 

St., New York, N. Y. 
Cutler- Hammer, ‘hog 412 No. 12th St., 

1, Wis. 

Eclipse Fuel Engineering Co., 705 S$. Main St., 
Rockford, Ili. 

Eclipse-Pioneer Div., Bendix Aviation Corp., Teter- 
boro, N. 

Fielden inst Division, Rob h Fulton Con- 
trols Co., 2920 N. 4th St., Philadelphia 33, Pa. 

— & Porter Co., 50 County Line Rd., Hatboro, 


anne Co., 38 Neponset Ave., Foxboro, Mass. 
Genera! Controls Co., Glendale 1, Calif. 
Guardian Electric Co. sh 1625 W. Walnut St., 
cago 12, Ill. 
= Mfg. Corp., 212 Durham Ave., Metuchen, 
J. 


Lovis 5, 


136 W. Greenfield Ave., Mil- 


Inc., 


Paterson 
Inc., 50 Church St., 


New 


Milwaukee 





Chi- 


homme Dah! o 175 Post Rd., (Warwick) Provi- 
dence 5, R. 

Hoys Corp., ecktees City, I 

Industrial Controls, Inc., 25. ti. Noble St., 

, 

Infileo, Inc., P. O. Box 5033, Tucson, Ariz. 

Isotope Products ltd., Davis Rd., P. O. Box 127, 
Oakville, Ontario, Canada 

Johnson Corp., 809 Wood St., Three Rivers, Mich. 

Johnson Service Co., 507 E. Michigan St., Milwaukee 


Chicago 


, Wis. 
Kohi Scientific Instrument Corp., Box 1166, EI 
Cajon, Calif. 
Keckley Co., O. C., 400 Madison St., Chicago 6, 
i. 


Kieley & Meuller, Inc., North Bergen, N. J. 

leeds & Northrup Co., 4970 Stenton Ave., Phila- 
deiphia 44, Pa. 

or 4 Electric Co., 407 $. Dearborn St., 
5, 

Mercold ‘Corp. 4201 Belmont Ave., Chicago 41, Ii. 

ywell Co., 2753 Fourth 
Ave. S., Minneapolis, Minn. 

MINNEAPOLIS-HONEYWELL REGULATOR CO., Wayne 

& Roberts Aves., Philadelphia 44, Pa. ADV. PG. 


Chicago 





29 
Ohmart Corp., The, 2347 Ferguson Ave., Cincin- 
noti 38, i 
Phoenix Precision Instrument Co., 3803-05 North 
5th St., Philadelphia, Pa. 
Photobell are ag LO sae St., = York 7, N. ¥. 
Broad Cambridge, Mass. 
Powers Regulator tt 3400 | Ockton, Skokie, Mm. 
Process & 60 G Ave., Brook- 
lyn 22, N. Y. 
RADIATION INSTRUMENT DEVELOPMENT «7 
2337 W. 67th St., 
Cover 


Chicago 36, Ill. ADV. 
Inside Back 


Ripley Co., Inc., 22 W. First St., Mt. Ig a oa N. Y. 
Simplex Valve a Meter Co., 68th & Upland Sts., 
Philadelphia 42, Pa. 








1952-1953 DIRECTORY of 


Swartwout Co., 18547 Euclid Ave., Cleveland, Ohio 

Taylor instrument Companies, 95 Ames St., Roches- 
ter, N. Y. 

tase ew Co., 1265 Old County Rd., Bel- 

TRACEMLAB, “iINC., 130 High St., Boston 10, Mass. 
ADV. PG. 24 

U. S. Gauge Div., American Machine & Metals, 
Inc., Sellersville, Pa. 


CONTROLS—Motor 
tan 136 W. Greenfield Ave., Mil- 


wavkee, W' 
Allis Choimers Mfg. Co., 935 S. 70th St., Milwav- 
kee 1, Wi 


s. 
American Relay & Controls, inc., 4901 Flournoy St., 
Chicago 44, Ill, 
Arrow-Hart & Hegeman Electric Co., 
St., Hartford, 
Bogue Electric Mfg. Ce. 
3, 


Bristol Co., The, Waterbury 20, Conn. 

Clork Controller Co., 1146 E. 152nd St., Cleveland 
10, Ohio 

Conofiow Corp., 2100 Arch St., Philadelphia 3, Pa. 

— Hammer, Inc., 412 N. 12th St., Milwaukee 1, 


103 Hawthorne 


52 lowa Ave., Paterson 


Doviiehe Vaccum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 

Electric Machinery Mfg. Co., 1331 N. E. Tyler St., 
Minneapolis 13, Minn. 

Ford ee We 31-10 Thomson Ave., Long 
island City, N 

General Controls ( , Glendale 1, Calif. 

GENERAL ELECTRIC CO., aApraratve Soles Div., 
Schenectady 5, N. Y. . PGS. 2-5 

ie os Bloomfield Ave., 


General Radio Co., 275 Massachusetts Ave., Cam- 
bridge 39, Mass. 

Hays Corp., Michigan City, Ind. 

Industrial Control a) eed Poth & Arlington 
Ave., Wyandanch, 

Mi Regul Co., 2753 Fourth 
Ave. S., Minnoopel Minn. 

Onmite Mfg. » 4835 Ww. , St., Chicago 

mH. 

a. i... fale. Co., Equipment Sales Div., Waltham 
54, Mas 

Robinette Co., W. C., 802 Fair Oaks Ave., South 
Pasadena, Calif. 

SERVOMECHANISMS, INC., Post & Stewart Aves., 
Westbury, N. Y. ADV. PG. 109 

Inc., 2076 Elston Ave., Chicago 14, 





Small Motors, 
mW 


Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 

Stondard Electronics os Corp., 2 East End 
Ave., New York 21, 
Trumbull Electric Dept. [ae Electric Co., 41 
Woodford Ave., Plainville, Conn. 
Vickers Electric Division, Vickers, Inc., 1815 Locust 
St., St. Lowis, Mo. 

Ward Leonard Electric Co., 31 South St., Mt. Ver- 
non, N. Y. 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 


CONTROLS—Nuclear Reactor 


Arma Corp., 254 36th St., Brooklyn 32, N. Y. 
Radiation Counter Labs., inc., 1844 W. 21st St., 
Chicago 8, II. 


CONTROLS—Pressure 


Allen-Bradley Co., 136 W. Greenfield Ave., Mil- 
waukee 4, Wis. 

American Oxygen Service Corp., 600 Essex St., 
Harrison, N. J. 

Askania Regulctor Co., 240 E. Ontario St., Chi- 
cago 11, til. 

ASSOCIATED VALVE & ENGINEERING =. 1150 
W. Marquette Rd., Chicago 21, Ill. PG. 


113 W. 14th St., New York 
Co., 5206 


132 
Audio Instrument Co., 
11, N.Y. 
Automatic Temperature Control 
Pulaski Ave., Philadelphia 44, Pa. 


tInc., 
Bristol! Co., The, Waterbury 20, Conn 
Conofiow Corp., 2100 Arch St., Philadelphia 3, Pa. 
Coral Designs Div., Henry 6. Dietz Nec) 12-16 
Astoria Bivd., Long Island City 2, N. 
Cutler-Hammer ‘inc., 412 N. 12th $t., udiwettns 
. is. 
Denison Engineering Co., 1186 Dublin Road, Co- 
io 
Engineering Co., 705 S$. Main $t., 
, 
pom ad Div., Bendix Aviation Corp., Teter- 
ye 
Fiche & Porter Co., 50 County Line Rd., Hatboro, 
long 
38 simian Ave., Foxboro, Mass. 


Fulton Sylphon Division, Robertshaw-Fulton Controls 
Co., Knoxville 4, Tenn. 


Ferd” Instrument a 31-10 Thomson Ave., 
N. 


November, 1952—NUCLEONICS BUYERS’ GUIDE 





NUCLEAR AND ALLIED PRODUCTS 


Gas & Oj! Industry We peas inc., 2 Paine 
Ave., Irvington 11, N. 
General Controls Co., Gtondate 1, Calif. 


General Reguiator Corp., 165 Broodway, New York 
Y 

G. M., 254 W. Colorado St., Pasa- 

212 Durham Ave., Metuchen, 


6, N. Y. 

Giannini & Co., 
dena |, Calif. 

Guiton Mfg. Corp., 
N. J. 

Hamme!-Dah! Co., 175 Post Rd., (Warwick) Provi- 
dence 5, R. I. 

industrial Controls, 
cago 22, iil. 

Keckley Co., 
WH. 

Kieley & Meviler, Inc., North Bergen, N .J. 

Leahy Mfg. Co., East 8th & Alameda, los Angeles 
21, Calif. 

Monning, Maxwell & Moore, Inc., Stratford, Conn. 

Mercoid Corp., 4201 Belmont ‘Ave., Chicago 4i, 
i. 


inc., 525 N. Noble St., Chi- 


©. C., 400 Madison St., Chicago 6, 





Mi lis-Hi ell Regul Co., 2753 Fourth 
$., Minneapolis, Minn. 

MINNGAPGLIS-9OnenY WHA REGULATOR CO., Wayne 

& Roberts Aves., Philadelphia 44, Pa. ADV PG. 


29 
Powers Regulater Co., 3400 Oakton, Skokie, tl. 
Rohm Instruments, Inc., 12 West Broadway, New 
York 7, N. Y. 
— Co., W. C., 802 Fair Oaks Ave., South 


asodena, Calif. 
INC., Post & Stewart Aves., 
ADV. PG. 109 


SERVOMECHANISMS, 
Westbury, N. Y. 

Swartwout Co., 18457 Euclid Ave., Cleveland, Ohio 

Taylor Instrument Companies, 95 Ames St., Roch- 
ester, N. Y. 

U. S. Gouge Div., American Machine & Metals, 
Inc., Sellersville, Pa. 

Wallace & Tiernan Products, Inc., Belleville 9, N. J. 

Weksler Thermometer Corp., Sogn Bidg., 49 
W. 32nd St., New York 1, N. ¥. 

Westinghouse Electric Corp., My ‘o. Box 868, Pitts- 
burgh 30, 

WESTON ELECTRICAL INSTRUMENT 7 1 Fre- 
linghuysen Aveé., Newark 5, N. J. PG. 
102 


Cc dina ais 


Air A i terb N. 

Allis- yooN a ~ , 935 ‘Ss. rem St., Milweu- 
kee 1, 

Applied Shem bp of Princeton, P. O. Box 44, 
Princeton, N. 

Arma Corp., 254 sen St., Brooklyn 32, N. Y. 

Askonia Regulator Co., 240 E. Ontario St., Chi- 


cago 11, fil. 
Audio Instrument Co., 14th St., New York 
Y. 
76 Ninth Ave., 





113 Ww. 
i, 5 

Austin Co., Special oo Div., 
New York 11, N. 

Automatic Soauvemtons Contro! Co., Inc., 5206 Pu- 
laski Ave., Philadelphia 44, e 

Avion Instrument Corp., Poramus, N. J. 

Bogue Electric Mfg. Co., 52 lowa Ave., Paterson 


3, . 
Bristol Co., The, Waterbury Conn. 
C. G. S. Laboratories, Inc., ov Ludiow St., Stam- 
ford, Conn. 
Collins Radio Co., 
Communications Co., Ave., Coral 
Gables 34, Fic. 
Conofiow Corp., 2100 Arch St., Philadelphia 3, Pa. 
Cutler-Hammer, Inc., 412 N. 12th St., Milwaukee 
1, Wis. 
Eclipse-Ploneer Div., Bendix Aviation Corp., Teter- 
boro, N. J. 
Elm Laborctories, 18 South Broadway, Dobbs Ferry, 
N. Y. 
Philadel - 


Cedar Rapids, lowa 
Inc., 300 Greco 


2649 N. Howard St., 
38 Neponset Ave., Foxboro, Mass. 
Glendale 1, Calif. 
Inc., 135 Bloomfield Ave., 
165 Broodway, New York 
1625 W. Walnut St., Chi- 


(Warwick) 


Foxboro Co., 
General Controls Co., 
Genera! Magnetics, 
Bloomfield, N. J. 
General Regulator Corp., 
Y. 


6, 
Gwardian Electric Co., 
cago 12, til. 
Hammel-Dohi Co., 175 Post Rd., 
Providence 5, R. |. 
York 1, 
Industrial Control Co., 
Ave., Wyondanch, N. 
Industrial Controls, Inc., 


” Straight Path & Arlington 
525 N. Noble St., Chi- 
cago 22, III. 


Kieley & Meuiler, Inc., North Bergen, N. J. 
Kupfrion Mfg. Co., 139 Prospect Ave., Binghamton, 
N.Y 


eywe Co., 2753 Fourth 
S., Minneapolis, eo 


MINNEAPOLIS. HONEYWE . REGULATOR CO., Wayne 
& Roberts Aves., Puiledeionte 44, Pa. ADV. PG. 
29 

Patterson, Moos & ~ 


Inc., 32-36 47th Ave., Long 
Island City 1, N. 


Precision Scientific Fa 3737 W. Cortland $t., Chi- 
cago 47, II. 





CONTROLS 





Robinette Co., W. C., 802 Fair Oaks Ave., South 
Pasadenc, Calif. 
SERVOMECHANISMS, INC., ~ B Stewart Aves., 

beep =) N. Y. ADV. PG. 
a Corp., 391 sa Mill River Rd., 


Y. 
¥ 18547 Euclid Ave., Cleveland, Ohio 
T. Ne ho sees Corp., 31 W. 27th St., New York 


Taylor instrument Companies, 95 Ames St., Roches- 
ter, . 
Tech ‘Laboratories, Inc., Bergen & Edsall Bivds., 
omy A Pork, 4. 
Telectro Joy Corp., 35-18 37th St., Long 
Waltham 54, Mass. 


Island cy 1, N.Y. 
Vectron, inc., 400 Main St., 
Vickers Electric Division, Vickers, Inc., 1815 Locust 
St., St. Lovls, Mo. 
Westinghow eer Corp., P. O. Box 868, Pitts- 


WESTON ELECTRICAL or ee corp 
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N 


Inc., 4811-13 Telegraph 
209 25th St., Brooklyn 

"0 lowa Ave., Paterson 3, 

Chelsea Fan and Blower Co.. Inc., 639 South Ave., 
Plainfield, N. J 

Clarage Fan Co., 

Colloid Equipment Co., Inc., 
York 7, Ve 

Dayton Electric Mfg. Co., 
mW 

Eastern Alr Devices, 
17, N. ¥ 


79 Porter St., Kalamazoo, Mich. 
50 Church St., New 


748 W. Adams, Chicago, 


Inc., 585 Dean St., Brooklyn 


Electrovent *- & Mfg. Co., 812 W. Lake St., 
Chicago 7, 

Fasco aestions Inc., Rochester 2, ¥, 

General Mixing Equipment Co., 413 N. 3rd St., 
Philadelphia, Pa. 

Globe Industries, Inc., 125 Sunrise Place, Dayton 
7, Ohie 


FITTINGS 





lig Electric Ventilating Co., 2850 N. Crawford Ave., 


Chicago 4i, i. 

! 9, Inc., 1200 Bolander Ave., 
Dayton, Ohio 

Joy Mfg. “Co., Oliver Bidg., Pittsburgh 22, Po. 

Koppers Co., “nc., Koppers Bidg., Pittsburgh, Pc. 

Mission Electric Mfg. a be 132-134 W. Cole- 
rado, Pasadena |, 

Rotron Mfg. aa " Inc., , ecsenael Lene, Wood- 
stock, N. 

Trane Co., “Crosse, Wis. 

United Stotes Air Conditioning Corp., 
SE ot 33rd, Minneapolis 14, Minn. 

Western Blower Co., 1800 Airport Way, Seattle 66, 





Como Ave. 


Wash. 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 

York Corp., York, Pa. 


FANS—Exhaust 


Air Controls, Inc., 2312 Superior Ave., 
14, Ohio 

American Electric Motors, 
Rd., Los Angeles, Calif. 

American Machine Products Co., Marshalitown, lowa 

BAR-RAY PRODUCTS, INC., 209 25th St., Brooklyn 
32, N. ¥. ADV. PG. 112 

Bogue Electric Mfg. Co., 52 lowa Ave., Paterson 

J 


Cleveland 


Inc., 4811-13 Telegraph 


3, N. J. 
Century Fan & Ventilator Co., 25 Cedar St., 
ford, Conn. 
Chelsea Fon & Blower Co., !Inc., 639 South Ave., 
Plainfield, N. J. 
Clarage Fan Co., 719 Porter St., Kalamazoo, Mich. 
Colloid yg a Co., Inc., 50 Church St., New 


Stam- 


wi he * 820 Third Ave., NE, Minneapolis 


Dayton Electric Mfg. Co., 748 W. Adams, Chicago, 
LL 

De Vilbiss Co., 

Electric Blower 
Mass. 

Electrovent Fan & Mfg. Co., 
cago 7, 

General Mixing Equipment Co., 
Philadelphia, Pa. 

Fasco Industries, Inc., 

Hirschman-Pohle Co.,. Inc., 
N. Y. 

Houston Blow Pipe & 
Box 1692, Houston !, 

lig Electric Ventilating Co., 
Chicago 41, Ill. 

Internationa! Engineering, 
Dayton, Ohio 

Jordon & Co., Paul R., 
Indianapolis, Ind. 

Joy Mfg. Co., Oliver Bidg., Pittsburgh 22, Pa. 

Kewaunee Mfg. Co., 5083 S. Center St., Adrian, 
Mich. 

Mission Electric Mfg. Co., 
rado, Pasadena 1, Calif. 

Northern Blower Co., 6427 Barberton Ave., 
land 2, Ohio 

Trane Co., La Crosse, Wis 

United States Air Conditibning Corp., 
SE, at 33rd, Minneapolis 14, Minn. 

Western Blower Co., 1800 Airport Way, Seattle 66, 
Wash. 

Western Engineering & Mfg. Co., 4112 Ocean Park 
Ave., Venice, Calif. 


FILTER DISKS 


a Siphon Supply Co., 
New York v 

Eaton- Dikeman Co., 

Metal Textile Corp., 
N. J. 

Nework Wire Cloth Co., 


300 Phillips Ave., Toledo, Ohio 
Co., 350 Atlantic Ave., Boston, 


812 W. Lake St., Ch 
413 WN. 3rd St., 


Rochester 2, N. Y. 
115 Lent Ave., LeRoy, 
Sheet Metal P. oO. 
Texas 

2850 N. Crawford Ave., 


Works, 


Inc., 1200 Bolander Ave., 


E. South & New Jersey, 


Inc., 132-134 W. Colo- 


Cleve- 


Como Ave. 


24 Wooster St., 


Mount Holly Springs, Pa. 
647 E. First Ave., Roselle, 
351 Verona Ave., Newark 
4, .N. 
Sargent & Co., E. H., 4647 W. Foster Ave., Chicago 
, me 
Shriver & Co., 808 Homilton St., Harrison, 
U. S. GASKET co., 602 N. 
ADV. PG. 135 
Varniton Co., 416 N. Varney St., Burbank, Callf. 
Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


Inc., 


10th St., Camden, N. J. 


FILTER PRESSES—taboratory 


Consolidated ag Supply Co., 24 Wooster $t., 
New York, N. 
ee Pitter "Press, 


230 48th St., Brooklyn, 


Shiva ‘2 Co., Inc., 808 Hamilton St., Harrison, 


ea I. <—9y 4 Supply Co., 70 Palisade Ave., 
Yonkers 2, 


FILTERS—Air 


American Air Filter Co., 
Lovisville 8, Ky. 


Inc., 215 Central Ave., 
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CAMBRIDGE oe. 351 S. Geddes St., Syracuse, 
N.Y. ADV. . 107 
.. Inc., 24 Wooster 


Conofiow Corp., ‘s100 “iech St., Philadelphia 3, Pa. 
Day Co., The, 820 Third Ave., NE, Minneapolis 


i industry Laboratories, 2 Poine 
rvington 11, 
Metal "tecmie Corp.,. oar . 


N. J. 

MINE SAFETY APPLIANCES CO., 20! N. Braddock 
Ave., Pittsburgh 21, Pa. ADV. PG. 130 

Northern Blower Co., 6427 Barberton Ave., Cleve- 
land 2, Ohio 

Pabst Engineering Equipment Co., 
N. J, 

Pulverizing Machinery Co., 43 Chatham Rd., 
mit, N. J, 

rer. Application Co., 1843 University Ave., 

Berkeley 3 if, 

Scientific Service, inc., 1417 Solano Ave., Albony, 
Calif. 

Taylor Instrument Companies, 95 Ames St., Roches- 
ter, » Ve 

Trion, inc., 1000 Island Ave., McKees Rocks, Pa. 

York Corp., York, Pa. 


FILTERS—Asbestos 


Consolidated Siphon Supply Co., Inc., 24 Wooster 
St., New York, N. Y. 

De Vilbiss Co., 300 Phillips Ave., Toledo, Ohio 

Fischer Scientific Co., 709 Forbes St., Pittsburgh 
19, Pa. 

General Mixing fava Co., 413 N. 
Philadelphia, Pa. 

Infilco, Inc., P. O. Box 5033, Tucson, Ariz. 


FILTERS—Cotton 


Consolidated Siphon Supply*Co., Inc., 
New York, N. Y. 
Independent Filter Press, 


Inc., 


First Ave., Roselle, 


tnc., Elizabeth, 


Sum- 


3rd St., 


230 48th St., 


Shriver ‘a Co., Inc., 808 Hamilton St., 


FILTERS—Metallic 


Farrand Optical Co., “> 
St., New York 70, N. 

Infilco, inc., P. O. Box 3633, Tucson, Ariz. 

Jelliff Mfg. ‘com, Cc. O., 122 Pequot Ave., South- 


Bronx Blvd. at 238th 


port, Con 
Newark Wire Cloth Co., 351 Verona Ave., Newark 
4,N. J, 


FILTERS—Rubber 


U. S. Rubber Co., wv Avenve of the Americas, 
New York 20, N. 


FILTERS —Poper 


Angel & ge Inc., H. Reeve, 52 Duane St., 
York, 
quien: Siohon Senoty Co., 
St., New York, N. 
Eaton- Dikeman Co., } a Holly Springs, Pa. 
Independent Filter Press, 230 48th St., Brooklyn, 
Y 


ot Spring St., 
121 


New 
Inc., 24 Wooster 


N. Y. 
LEITZ, INC., E., 304 Hudson St. 
New York 13, N.Y. ADV. PG. 
coment & Co., E. H., 4647 W. Foster Ave., Chicago 
i. 
Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


FILTERS—Synthetic Fibre 

Radioisotope Application Co., 1843 University Ave., 
Berkeley 3, Calif. 

Scientific Service, Inc., 
Calif. 


Shriver & Co., 
N. J, 


1417 Solano Ave., Albony, 
808 Hamilton St., 
H. 1., 1733 Cordova St., Los 

. 120 


. ADV. PG 
CO., 602 N. 10th St., Camden, N. J, 


Inc., Harrison, 


N, 
Varniton Co., 416 N. Varney St., Burbank, Colif. 
FIRE DETECTION SYSTEMS 
Edison, Inc., Thomas A., instrument Div., West 
1573 €. Forest St., De- 
> 120 Pleasant St., Ashland, Mass. 
Fireye Corp., 720 Beacon St., ‘Boston, Mass 


Resde! Engineering, 2351 Riverside Orive, ‘Les An- 
geles 39, Calif. 


FITTINGS—Flared Tube 
Edelmann & Co., E., 2332 Logan Bivd., Chicago 


47, Wi. 
imperial Bross Mfg. Co., 1200 W. Harrison St., 


Chicago 7, Il. 
D-21 


24 Wooster | 
Brooklyn, 
7 


Harrison, : 


Re ne 








FLOORING 





Master's, Inc., W. Victor Place & N. lLoke 
St., Burbank, Calif. 

SPECIAL screw PRODUCTS CO., Bedford, Ohio. 
ADV. 08 


woeanent =. , Cleveland 8, Ohio 


FLOORING—Acid-proof 


Acme Brick Co., P. O. Box 425, 
Texas 

American Mosaic 
Lovisville, Ky 

Atlas Mineral Products Co., 
town, Pa. 

Electro Chemical Supply & Engineering Co., 750 
Brood St., Emmaus, Pa. 

Knight, Maurice A., 171 Kelly Ave., Akron, Ohio 

Kraftile Co., Niles, Calif. 

Nukem Products Corp., 111 
20, N. Y. 

Savereisen Cements Co., 
burgh 15, Pa. 

U. S. Stoneware Co., 


FLOORING—Asphalt 


Cork Co., 1010 Concord St., 


Irvin, 


Fort Worth 2, 


& Tile Co., 331 E. Broadway, 


131 Norman St., Mertz- 


Colgate Ave., Buffalo 
Savereisen Bidg., Pitts- 


Akron 9, Ohie 


Armstrong Lancoster, 
Pa 


“i ‘ Sons, Inc., 355 E. 20th St., New York 3, 


Pibataate Co., 30 Rockefeller Plaza, New York 30, 
N. Y. 


Horn Co., Inc., A me, & 44th Ave., 
Long Island City 1, N. 

Johns-Manville, 22 E pom St., New York 16, N. Y. 

Mastic Tile Corp. of America, Newburgh, N. Y. 

U. S$. Stoneware Co., Akron 9, Ohio 


FLOORING—Linoleum 


Armstrong Cork Co., 1010 Concord St., 
Pa 
Beck & Sons, inc., 
3, N. Y 
Horn Co., Inc., 
Island City 1, 


FLOORING—Rubber 


1010 Concord St., 


10th St. 


Loncaster, 


355 E. 20th St., New York 


A. C., 10th St. & 44th Ave., Long 
» Ve 


Armstrong Cork Co., Lancaster, 


355 E. 20th St., New York 3, 


Pa. 
Beck & Sons, Inc., 
N 


L We 
Goodyeor Tire & Rubber Co., Akron, Ohio 
U. S. Stoneware Co., Akron 9, Ohio 


FLUOROMETERS 


Coleman Instruments, Inc., 
Farrand Optical Co., Inc., 

St., New York 70, N 
Scientific Co., 


Maywood, Il! 
Bronx Bivd. ot E. 238th 


7 
709 Forbes St., Pittsburgh 


Precision Instrument Co., 3803-05 North 
, Philadelphia, Pa. 
Photovolt Corp., 95 Madison Ave., New York 16, 

N.Y 
Scientific Glass Apparatus Co., Inc., 100 Lakewood 
Terrace, Bloomfield, N. J. 


FLUXMETERS 


CAMBRIDGE INSTRUMENT CO., INC., 
Central Terminal, New York 17, 
PG. 123 

Central Scientific Co., 
cago 13, Ili 

DYNA LABS., INC., 1075 Stewart Ave., 
City, N. Y. ADV. PG. 133 

GENERAL ELECTRIC CO., 
Schenectady 5, N. Y 

Marion Electrical Instrument Co., 
Manchester, N 

Measurement Engineering Ltd., 
Canada 

Phoenix Precision 
5th St., 

Rowson Electrical 
Cambridge 42, Ma 

Rubicon Co., Ridge ae oat 35th St., 
32, 

Varian 
‘alif. 


FOUNTAINS—Eye 


—— Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 
Electronic Control! Corp., 1573 E. Forest St., Detroit 
7, Mich. 
Precision Scientific Co., 
cago 47, 


FUME HOODS 
Alberene Stone oe of Virgina, 419 Fourth Ave., 
New York 16, 


N. 
Aloe Scientific Div. ae A. $. Aloe Co., 5655 Kings- 
bury Bivd., St. Louvls 12, Mo. 


D-22 


3786 Grand 
N, . ADV. 


1700 Irving Park Rd., Chi- 


Garden 


Apparatus Div., 
ADV. PGS 


402 Canal St., 


Sales 


Arnprior, Ontario, 


Instrument Co., 3803-05 North 
Philadelphia, Pa. 

— Co., 114 Potter St., 
Philadelphia 


a. 
Associotes, 990 Varian St., San Carlos, 


3737 W. Cortland $t., Chi- 


BAR-RAY PRODUCTS, INC., _ 25th St., Brooklyn 

: 32, N. Y. ADV, PG, 11 

BLICKMAN, INC., 5S., 7900 Gregory Ave., 
hawken, N. J. ADV. PG. 30 

Bristol Metal Products Corp., Bristol, Tenn. 

Emerson-Sack-Warner Corp., 150 Dorchester Ave., 
South Boston 23, Mass. 

Falstrom Co., 7 Falstrom Court, Passaic, N. J. 

Fisher Scientific instrument Co., 709 Forbes St., 
Pittsburgh 19, Pa 

Hamilton Mfg. Co., Two Rivers, Wis. 

Laboratory Furniture Co., Inc., P. O. Box 590, 
Mineola, N. 

Nukem Products Corp., WI 

Y. 


Wee- 


Colgate Ave., Buffalo 


Pabst Engineering Equipment Co., Inc., Elizabeth, 
N. J. 


Rodicisotope a Co., 1843 University Ave., 
Berkeley 3, Colif 

Scientific Service, Inc., 1417 Solano Ave., Albany, 
Calif. 

Sheldon Equipment Co., E. H., Muskegon, Mich. 

Willson Products, Inc., Reading, Pa. 


FURNACES—Combustion, High Tem- 
perature 
Eclipse Fuel Engineering Co., 


Rockford, II!. 
Fisher Scientific Co., 
19, Pa 


705 S. Main St., 
709 Forbes St., Pittsburgh 
Horper Electric Furnace Corp., 39 River St., Buffalo 
Kewaunee M's. Co., 5083 S. Center St., Adrian, 


W. S., 200 Eliot St., Fairfield, Conn 
g, H.. 4647 W. Foster Ave., Chicago 


Rockwell Co., 
Sargent & Co., 
30, . 
Westinghouse Electric Corp., 

burgh 30, 


FURNACES—Electric 


Baker & Co., Inc., 113 Astor St., Newark 5, N. J 

Colloid Equipment Co., Inc., 50 Church St., New 
York 7, N. Y. 

Daylight Vacuum Products Co., 
Ave., Chicago 30, Ill. 

Eclipse Fuel Engineering Co., 
Rockford, tll. 

Eisler Engineering Co., 760 S. 
N 


P. O. Box 868, Pitts 


5207 N. Milwaukee 
705 S$. Main St., 


13th St., Newark 3, 


» + 
Electric Hotpack Co., 5035 Cottman Ave., 
Philadelphia, Pa. 
—— Electric Furnace Corp., 39 River St., 
, 3 ¥. 


Inc., 
Buffalo 
Hevi ‘on een. ame 4212 W. Highland Bivd., 
Milwaukee 1, 
Huppert Co., K. in » 6835 S. Cottage Grove Ave., 
Chicago 37, i. 
leeds & Northrup Co., 
deiphio 44, Pa. 
Rockwell Co., W. S., 200 Eliot St., Fairfield, Conn 
Sargent & Co., E. H., 4647 W. Foster Ave., Chi- 
cago 30, Ill. 
Thermo Electric Mfg. Co., 
Western Gold & Platinum Works, 
Son Francisco, Calif. 
Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 


FURNACES—tLaboratory 


8030 Georgia Ave., 


4970 Stenton Ave., Phila- 


465 Huff, Dubuque, lowa 
589 Bryont St., 


American Instrument Co., Inc., 
Silver Spring, M 

Baker & Co., Inc., 

Colloid <-e m Co., Inc., 
York 7, 

Cooper Co., 5 % 
iW. 


d. 
113 Astor St., Newark 5, N. J 
50 Church St., New 


1467 S. Michigan Ave., Chicago, 


Daylight Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 
Eclipse Fuel Engineering Co., 

ford, II. 
Eisler prnete Co., 
N. 


705 S. Main St., Rock- 


760 S. 13th St., Newark 3, 


monde Hotpack Co., Inc., 5035 Cottman Ave., 
Philadelphia, Pa. 

Fisher Scientific Co., 709 Forbes St., Pittsburgh 
19, Pa. 

Harper Electric Furnace Corp., 39 River St., Buf- 
falo 2, N. Y. 

Hevi Duty a. ne 4212 W. Highland Bivd., 
Milwaukee 1, 

Homme! Co., _ 209-213 Fourth Ave., Pittsburgh, 


Pa. 
Huppert Co., K. H., 6835 $. Cottage Grove Ave., 
Chicago 37, Ill. 
Lindberg ete Co., 
Chicago 12, 
Precision Scant Co., 
cago 47, 
Rockwell “e. $., 200 Eliot St., Fairfield, Conn. 
Sargent & Co., E. H., 4647 W. Foster Ave., Chi- 
cago 30, Ill. 
Thermo Electric Mfg. 
Western Gold & Platinum Works, 
San Francisco, Calif. 


2450 W. Hubbard St., 
3737 W. Cortland St., Chi- 


Co., 465 Huff, Dubuque, lowe 
589 Bryant St., 


1952-1953 DIRECTORY of 


Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 

Yonkers aw Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


FURNACES—Low Temperature 


Colloid Equipment Co., inc., 50 Church St., 
York 7, Y. 

Daylight Veceum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 

Eclipse Fuel Engineering 
Rockford, tli. 

Eisler Engineering Co., 


New 


Co., 705 S$. Main St., 


760 S. 13th St., Newark 3, 


N. J. 

Harper Electric Furnace Corp., 39 River St., Buf- 
falo 2, N. Y. 

Huppert Co., K. H., 6835 S. Cottage Grove Ave., 
Chicago 7, Hi. 

Rockwell Co., W. $., 200 Eliot St., Fairfield, Conn. 

Sergent & Co., E. H., 4647 W. Foster Ave., Chi- 
cogo 30, Ill. 

Tenney Engineering, Inc., 26 Avenue 8, Newark 5, 
N. J 


Thomas Co., Arthur H., 
Philadelphia 5, Pa. 
Westinghouse Electric Corp., P. O. Box 868, Pitts- 

burgh 30, Pa. 


FURNACES—Microcombustion 


Aloe Scientific Div. of A. S. Aloe Co., 5655 Kings- 
bury Bivd., St. Lovis 12, Mo. 

Daylight Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 

Eclipse Fuel Engineering Co., 705 S$. Main St., 
Rockford, tll. 
Fisher Scientific Co., 

Pa 


W. Washington Square, 


709 Forbes St., Pittsburgh 19, 
Hevi Duty Electric Co., 
Milwaukee 1, 
Sargent & Co., 

cago 30, ii. 


FURNACES—Muffle 


American Instrument Co., Inc., 
Silver Spring, Md. 
Colloid Equipment Co., 
York 7, N. Y. 

Doylight Vacuum Products Co., 
Ave., Chicago 30, Ill. 

Eclipse. Fuel Engineering Co., 
Rockford, Ill. 

Electric Hotpack Co., 
Philadelphia, Pa. 

Harper Electric Furnace Corp., 39 River St., Buf- 
falo 2, N. Y. 

Hevi Duty ~——. ‘sams 
Milwaukee 1, 

Huppert Co., K. ‘i 
Chicago 37, Ill. 

Rockwell Co., W. S., 200 Eliot St., Fairfield, Conn. 

Sergent & Co., E. H., 4647 W. Foster Ave., Chi- 
cago 30, Ill. 

Thermo Electric Mfg. Co., 

Western Gold & Piatinum Works, 
San Francisco, Calif. 

Westinghouse Electric Corp., 
burgh 30, Po. 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


4212 W. Highland Bivd., 
is 
E. H., 4647 W. Foster Ave., Chi- 


8030 Georgia Ave., 


Inc., 50 Church St., New 


5207 N. Milwaukee 
705 S$. Main St., 


Inc., 5035 Cottman Ave., 


4212 W. Highland Bivd., 


” 6835 S. Cottage Grove Ave., 


465 Huff, Dubuque, lowa 
589 Bryant St., 


P. O. Box 868, Pitts- 


70 Palisade Ave., 


FURNITURE—Laboratory 


Aloe Scientific Div. of A. S. Aloe Co., 
bury Bivd., St. Lovis 12, Mo. 
BLICKMAN, INC., $., 7900 Gregory Ave., Wee- 
howken, N. J. ADV. PG. 30 
Brooklyn Hospital Equipment Co., Inc., 196 Lexing- 
ton Ave., New York, 
Doehler Metal Furniture Co. ° 
Ave., New York, N. 
Scientific Co., 


5655 Kings- 


Inc., 194 Lexington 


709 Forbes St., Pittsburgh 


Pa. 
Gold’ = Mfg. Co., 1230 W. Kinzie St., Chicago 
2, 1 


honihen Mfg. Co., Two Rivers, Wis. 

Kewaunee Mfg. Co., 5083 S. Center St., 
Mich. 

Laboratory Furniture Co., P. ©. Sox 590, 
Mineola 

Metalab Equipment Corp., 270 Duffy Ave., Hicks- 
ville, N. Y¥. 

Peterson & Co., Inc., 
Chicago 14, Ill. 

Radioisotope Application Co., 1843 University Ave., 
Berkeley 3, Calif. 

Scientific Service, Inc., 1417 Solano Ave., Albany, 
Calif. 

Sheldon Equipment 
Mich. 


Adrian, 
Inc., 


Leonard, 1222 Fullerton Ave., 


Co., E. H., Muskegon 82, 
FURNACES—Vacuum 

See: OVENS, Vacuum 

ee eater 


Consolidated Engineer! 


Corp., N. Sierra 
Madre Villa, ne meng 8, Calif. 
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NUCLEAR AND ALLIED PRODUCTS 


oe Vacuum Products Co., 5207 N. Milwaukee 
Chicago 30, til. 

DISTILLATION PRODUCTS INDUSTRIES, A Division 

of Eastman Kodak Co., Rochester 3, N. Y. ADV. 


PG. 91 
Douglas Redio Labs., 176 Norfolk Ave., Boston 19, 


inc., San Bruno, Cal 
649 N, Howard St., 


Mass. 
Eitel-McCullough, 
El-Tronics, inc., Y aadelehte 

33, Pa. 
Falk & Co., Lid., M., 5 Victoria St., London, S. W. 

4a England 
Fredericks Co., George E., Bethayres, Pa. 

GENERAL ELECTRIC co., Apporotus Sales Div., 

Schenectady 5, N. ¥. ADV. PGS. 2-5 
— VOLTAGE ENGINEERING CORP., 7 Univer- 

ity Rd., Combridge 38, Mass. ADV. PG. 20 
NATIONAL RESEARCH CORP., 70 2 oes Drive, 

Cambridge 42, Mass. ADV. PG. 

OPTICAL FILM ENGINEERING co., 231-37 N, 6th 

St., Philadelphia 33, Po. v. ;< 
Process & a Aoi 60 Greenpoint “Ave. -» Brook- 

lyn 22, 

RADIO cone. ‘or AMERICA, RCA vee Div., 

ENGINEERING PRODUCTS a Front & Cooper 

1 


Sts., Camden, N. J. ADV. 
STOKES MACHINE CO., F. J., Frankford Station 
ADV. PG. 117 


Philadelphia 20, Pa, 
TECHNICAL ASSOCIATES, INC., 140 W. Providencia 
Ave., Burbank, Calif. ADV. PG. 130 
Universal X-Ray Products Inc., 1140 N. Western 
Ave., Chicago 22, II. 


GAGES—McLeod 


Central Scientific Co., 1700 Irving Park Rd., Chi- 
cogo 13, til. 

Daylight Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 

DISTILLATION PRODUCTS INDUSTRIES, A Division 
of Eastman Kodak Co., Rochester 3, N. Y. 
ADV. PG 1 

Eck & Krebs, Inc., 27-09 40th Ave., Long Island 
City 1, N. Y. 

Engineering Co., 760 S. 13th St., Newark 
J. 
Apparatus Scales Div., 

. "ADV. PGS. 2-5 

Spruce St., Vineland, N. J. 


GENERAL ELECTRIC CO., 
Schenectady 5, N. 
KONTES GLASS CO., 
ADV. PG. 126 
Scientific Gless Apparatus Co., 
wood Terrace, Bloomfield, N. J. 
STOKES MACHINE CO., F. 4J., 
P. O., Philadelphia, Pa. ADV 
Universal X-Ray Products, Inc., 
Ave., Chicago 22, It. 
Welch Scientific Co., W. M., 1515 Sedgwick St., 
Chicago 10, II. 
Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


inc., 100 Loke- 


Frankford Station 
- PG. 117 


"1140 N. Western 


GAGES—Pirani 


Daylight Vocuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, fil. 

DISTILLATION PRODUCTS INDUSTRIES, A Division 
of Eastman Kedek Co., Rochester 3, N. Y. 
ADV. PG. 91 

Douglas Radio Labs., 
Mass. 

Eisler Engineering Co., 
N. J 


176 Norfolk Ave., Boston 19, 
760 S. 13th St., 


Eitel-McCullough, Inc., San Bruno, Calif 

STOKES MACHINE CO., F. J., Frankford a 
P. O., Philadelphia 20, Pa. "ADV. 

Universal X-Ray ar a Inc., 1140 N, Wwesters 
Ave., Chicago 22, 

Winslow Co., Inc., 


Newark, 


3 Liberty St., Newark, N. J. 


GAGES—Thickness & Density, 
Radioactivity 
Baldwin instrument Co., 
Dartford, Kent, England 
COLE, LTD., E , & ics Div., Malmesbury, 
Wiltshire, England. ADV. PG. 28 

Electro Products Lobs., Inc., 4501 N. Ravenswood, 
Chicago 6, III. 

Falk & Co., Ltd., M., London, S. 


W. 1, England 
Industria! Nucleonics Corp., 1205 Chesapeake Ave., 
P. ©. Box 127, 


ltd., Brooklands Works, 





5 Victoria St., 


Columbus 12, Ohio 
Isotope Products Lid., Davis Rd., 
Oakville, Ontario, Canada 
Ohmert Corp., The, 2347 Ferguson Ave., Cincinnati 


38, Ohio 
RADIOACTIVE PRODUCTS, > - W. Congress 
St., Detroit, Mich. ADV. 
2 East End 


Standard Electronics —/ oll 
Ave., New York 21, N. 

TRACERLAB, a 130 tines St., Boston 10, Mass. 
ADV. PG. 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio. ADV. PG. Inside Front 
Cover 

GAGES—Vacuum 


Americon Vocuum Co., 816 $.. Michigan Ave., Chi- 
cago, fil. 


G-M APPARATUS 





Bristol Co., The, 
Central Scientific “a 
Ph 33, Mt, 


20, Conn. 
1700 Irving Park Rd., Chi- 


aes 300 N. Sierra 
cae Villa, Pasadena 8, Calif 
— Vacuum Products Co., 
Chicago 30, Ill. 
DISTILLATION PRODUCTS INDUSTRIES, A Division 
of Eastman Kodok Co., Rochester 3, N. Y. 


ADV. PG. 91 
Douglas Radio Labs., 176 Norfolk Ave., Boston 19, 
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—— Bross Co., "40 Grand St., 


Flushing, 
120 Broadway, 
inc., 322 Bel- 
Bridgeport 2, 


ow i Metals Div., American Smelting & Re- 
fining Co., 120 Broadway, New York 5, N. Y. 

Mallory & Co., Inc., P. R., 3029 E. Washington St., 
Indianapolis 6, Ind. 

Phelps a Refining Corp., 40 Wall St., New 
York 5, Y. 

Revere Dat . —— Inc., 230 Pork Ave., New 
York 17, N. 


Cadmium 

American Smelting & Refining Co., 120 Broadway, 
New York 5, N. Y. 

Belmont Smeiting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Division Lead Co., 836 W. Kinzie St., 
mW 


Federated Metals Div., American Smelting & Re- 
fining Co., 120 Broadway, New York 5, N. Y. 
Hommel Co., O., 209-213 Fourth Ave., Pittsburgh, 

Pi 


Chicago 22, 


ic. > 

Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 

Cerium 

Belmont Smelting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y. 

Jarrell-Ash Co., 


322 Bel- 


165 Neuberry St., Boston 16, Mass. 

Chromium 

Belmont Smelting & a Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Electro Metallurgical Co., Div. of Union Carbide & 
Carben Corp., 30 E. "42nd St., New York 17, 


N. Y. 
Hommel Co., O., 209-213 Fourth Ave., Pittsburgh, 


a. 
Vacuum Metals, Inc., 70 Memorial Drive, Cam- 


bridge 42, Mass. 


Coefficient Metals 
Alloy Tube Division of Carpenter Stee! Co., Union, 


36-07 Prince St., Flushing, 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Carpenter Steel Co., The, Reading, Pa. 

Driver-Horris Co., Harrison, N. J. 

Vacuum Metals, Inc., 70 Memorial 
bridge 42, Mass. 


Columbium 
Electro Metallurgical Co., Div. of Union Carbide 

1 ee Corp., 30 E. 42nd St., New York 17, 
pa aah Co., 165 Newberry St., 


Copper 
American Bross Co., Waterbury 20, 
American Silver Co., 36-07 Prince s 


American Silver Co., 
N 


Drive, Com- 


Boston 16, Mass. 


” Flushing, 


Y. 
American — : Refining Co., 120 Broadway, 
New York 5, 
Belmont pa My & “efining Works, 
mont Ave., Brooklyn, N. 
Bridgeport Brass Co., 30 Greed St., Bridgeport 2, 
Conn. 


Inc., 322 Bel- 


Federated Metals Div., American Smelting & Re- 
fining Co., 120 Broadway, New York 5, N. Y 
Homme! Co., O., 209-213 Fourth Ave., 

Pa. 
Mallory & Co., 


Pittsburgh, 
Inc., P. R., 3029 E. Washington St., 
6, 





New York 5, N. Y. 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. 

Division Lead Co., 836 W. Kinzie St., Chicago 22, 
mM. 


Barium 
Jarrell-Ash Co., 165 Nevberry St., Boston 16, Mass. 
Beryllium and Beryllium Alloys 
American Silver Co., 36-07 Prince St., 


N. Y. 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. - 

Beryllium Corp., Reoding, 

Brush Beryllium Co., The, 430i Perkins Ave., Cleve- 
land 3, Ohio 


Flushing, 


Bismuth 


Cerro de Pasco Corp., 40 Wall St., New York 5, 
N. Y. 


Phelps +. Refining ‘Corp., 40 Wall St., New York 
5, N. 


Revere ta & Brass, Inc., 230 Park Ave., New 
York 17, N. Y. 
Vocuum Metals, Inc., Com- 

bridge 42, Mass. 


Foil 
Alpha Metals, Inc., P. O. Box 34, 56 Water St., 
City, N. J 


Jersey City, N. J. 

Aluminum Co. of America, 801 Gulf Bidg., Pitts- 
burgh, Po. 

American Silver Co., 36-07 Prince St., 
N. Y. 


» INC., 209 25th St., 

32, N. ¥. ADV. "PG. 112 

Belmont Smelting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y. 

Bishop & Co., J., Malvern, Pa. 

Cross Co., H., 15 Beekman St., New York 7, N. Y. 

Division Lead Co., 836 W. Kinzie St., Chicago 22, 
in 


70 Memorial Drive, 


Flushing, 
Brooklyn 
322 Bel- 
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Hommel Co., O., 209-213 Fourth Ave., Pittsburgh, 
Pe 


a. 

Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 

Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


Gallium 

Aluminum Co. of Americo, 801 Gulf Bidg., Pitts- 
burgh, Pa. 

Beimont Smelting & a" os inc., 322 Bel- 
mont Ave., Brooklyn, N. 

Jorrell-Ash Co., 165 Fw ‘St, Boston 16, Mass. 


Germanium 

Belmont Smelting & Refining Works, 
mont Ave., Brooklyn, N. 

Jarreil-Ash Co., 165 Neuberry St., 

Sylvania Electric Products, Inc., 
New York 19, N. Y. 


inc., 322 Bel- 


Boston 16, Moss. 
1740 Broadway, 


Gold and Gold Alloys 


American Silver Co., 36-07 Prince St., Flushing, 
N.Y 


Boker & Co., Inc., 113 Astor St., Newark 5, N. J. 
Bishop & Co., J., Malvern Pa. 

—, & Harmon, 82 Fulton St., New York 38, 
c.. &, 


ich. 
Hommel Co., O., 209-213 Fourth Ave., Pittsburgh, 
Pa, 


N. 
= a. 35 W. Grand River, Detroit 26, 


Uinick h emeee Co., 59 E. Madison St., Chicago 
3, 


pt Sa Co., D. E., Attleboro, Mass. 

Mallory & Co., Inc., P. R., 3029 E. Washington St., 
indianapolis 6, Ind. 

Ney Co., J. M., 71 Elm St., Hartford 1, Conn. 

Western Gold & Platinum Works, 589 Bryant St., 
San Francisco, Calif. 


High Permeability Alloys 

Allegheny Ludium Steel Corp., 2020 Oliver Bidg., 
Pittsburgh 22, e 

Alloy ean Wire Co., 
Prospect P 

Alloy Tube Division of Carpenter Stee! Co., Union, 


N. J. 
American Silver Co., 36-07 Prince St., 
N. Y. 


13th & Pennsylvania Ave., 


Flushing, 


Arnold Engineering Co., Marengo, III. 
Carpenter Steel Co., The, —_—- Po. 
Driver-Harris Co., Harrison 

U. S. Steel Co., 525 Wm. , 


Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 


Indium 
Cerro de Pasco Corp., 40 Wall St., 
N.Y. 


Pittsburgh 


New York 5, 


Laminated Metal Products 


Allegheny Ludium Stee! Corp., 2020 Oliver Bidg., 
Pittsburgh 22, Pa. 
American Silver Co., 36-07 Prince St., 


N. Y. 
BAR-RAY PRODUCTS, are. tad 25th St., Brooklyn 


Flushing, 


vern 
Division Lead be 836 W. 
mM. 


Makepeace Co., D. E., 


Lead and Lead Alloys 

Alpha Metals inc., P. O. Box 34, 56 Water St., 
Jersey City, N. J. 

American — : Refining Co., 
New York 5, 

Atomlab, Inc., py Ave., New York 17, N. Y¥. 

ones PRODUCTS, INC., 209 25th St., Brooklyn 
32, Y. ADV. PG. 112 

Me ‘Smelting & a Works, Inc., 322 Bel- 
mont Ave., Brooklyn, » V. 

Division Lead Co., 836 w. Kinzie St., Chicago 22, 
mM. 

Metals Div., American Smelting & Re- 

fining Co., 120 Broadway, New York 5, N. Y. 

Hommel Co., ©., 209-213 Fourth Ave., Pitts- 


111 Broadwoy, New York 6, 


Kaste St., Chicago 22, 
Attleboro, Mass. 


120 Broadway, 


burgh, Pa. 
National lead Co., 
N. 


Magnesium 

Aluminum Co. of America, 801 Gulf Bidg., Pitts- 
burgh, Po. 

oe Silver Co., 36-07 Prince St., 


pa. Ase Smelting ° Refining Co., 120 Broadway, 
New York 5, N. 

Belmont Smelting A Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Dow Chemical Co., Midland, Mich. 

Federated Metals Div., American Smelting & Refining 
Co., 120 Broadway, New York 5, N. Y. 

Jarrel-Ash Co., 165 Newberry St., Boston 16, Mass. 


D-31 


Flushing, 








METALS 





Mangonese 
Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y 
Electro Metallurgical Co., Div. 
Carbon Corp., 30 E. 42nd St., 


of Union Carbide & 

New York 17, 
N.Y. 

Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mess. 

Mercury 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y 

Daylight Vacuum Products Co., 
Ave., Chicago 30, Ill. 

Division Lead Co., 836 W. Kinzie St., 
mW. 

Hill, Co., C. R., 
Mich 

Homme! Co., O., 
Pa 

Mallinckrodt Chemical 
ckrodt Sts., St. Louis 7, Mo 

Western Gold & Piatinum Works, 
San Francisco, Calif. 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


5207 N. Milwaukee 
Chicago 22, 


35 W. Grand River, Detroit 26, 


209-213 Fourth Ave., Pittsburgh, 


Works, Second & Mallin- 


589 Bryant St., 


70 Palisade Ave., 


Molybdenum 

American Silver Co., 
N ° 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Cross Co., H., 15 Beekman St., New York 7, N. Y. 

Jarrel!-Ash Co., 165 Newberry St., Boston 16, Mass. 

Sylvania Electric Products, Inc., 1740 Broadway, 
New York 19, N. Y. 


Nickel and Nickel Alloys 
Allegheny Ludlum Stee! Corp., 
Pittsburgh 22, Pa 
Alloy Metal Wire Co., 
Prospect Park, Pa 
Alloy Tube Division of Carpenter Steel Co., 
N. J 
American 
N.Y 
Astell & Co 
7, N.Y 
Belmont Smelting & Refining Works, Inc., 322 Bel- 

mont Ave., Brooklyn, N. Y 
Bishop & Co., J., Malvern, Pa 
Carpenter Stee! Co., The, Reading, Pa. 
Driver-Harris Co., Harrison, 

Haynes Stellite Co., Div. of Union Carbide & Car- 
bon Corp., Kokomo, Ind 
International ic Co Inc., 
York 5, N. Y 
Jelliff Mfg. Corp., 
port, Conn. 
Vacuum Metals, Inc., 70 
bridge 42, Mass. 
Wall Colmonoy Corp., 

3, Mich 
Westinghouse Electric Corp 
burgh 30, P 


36-07 Prince St., Flushing, 


2020 Oliver Bidg., 
13th & Pennsylvania Ave., 
Union, 
Silver Co., 36-07 


Prince St., Flushing, 


John B., 90 W. Broadway, New York 


67 Wall St., New 


C. O., 122 Pequot Ave., South- 


Memorial Drive, Cam- 


19345 John R. St., Detroit 


P. O. Box 868, Pitts- 


Nickel Ribbon 

Alloy Metal Wire Co., 
Prospect Park, Pa 

American Silver Co., 


13th & Pennsylvania Ave., 


36-07 Prince St., Flushing, 
Harrison, N 


Driver-Harris Co., J 
C. O., 122 Pequot Ave., South- 


Jelliff Mfg. Corp., 
port, Conn. 


Palladium 

American Platinum Works, N. J. R. R. Ave. at 
Oliver St., Nework 5, N. J 

American Silver Co., 36-07 Prince St., 
N . 

Boker & Co., Inc., 

Bishop & Co., J 

Handy & Harmon, 
N. Y 

Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 

Linick Chemical Co., 59 E. Madison St., Chicago 
3, m 


Flushing, 


113 Astor St., 
Malvern, Pa 
82 Fulton St., 


Newark 5, N. J. 


New York 38, 


Makepeace Co., D. E., 
Western Gold & Platinum Works, 
Son Francisco, Calif. 


Attleboro Mass 
589 Bryant St., 


Phosphor Bronze 

American Brass Co., 

Americon Oxygen Service Corp., 
Harrison, N. J 

American Silver Co., 
N. Y 


Woterbury 20, Conn 

600 Essex St., 

36-07 Prince St., Flushing, 

Belmont Smelting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y 

Bridgeport Brass Co., 30 Grand St., 
Conn 

Revere Copper & Brass, Inc., 
York 17, N.Y 


322 Bel- 
Bridgeport 2, 
230 Park Ave., New 
Platinum 
American 


Oliver St., 
D-32 


Platinum Works, N. J. 
Nework 5, N. J. 


American Silver Co., 36-07 Prince St., Flushing, 
N. Y. 

Boker & Co., Inc., 113 Astor St., 

Bishop & Co., We Malvern, Pa 

Handy & Harman, 82 Fulton | 


Newark 5, N. J. 
New York 38, 
N. Y. 

Homme! Co., O., 209-213 Fourth Ave., Pittsburgh, 
Pa. 

Western Gold & Piatinum Works, 589 Bryant St., 

nm Francisco, Calif. 


Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


70 Palisade Ave., 


Polonium 


ATOMIC ENERGY OF CANADA, LTD., Commercial 
Products Div., P q a" 93, Ottawa, Ontario, 
Canada. ADV. PG. 

CANADIAN RADIUM & URANIUM CORP., 630 Fifth 
Ave., New York 20, N. Y. ADV. PG. 116 

U. S. Radium Corp., 535 Pearl St., New York 7, 
“a. YY. 


Powdered 

Belmont Smeiting & Refining Works, Inc., 
mont Ave.. Brooklyn, N. Y. 

Division Lead Co., 836 W. Kinzie St., 
im 


322 Bel- 
Chicago 22, 


du Pont de Nemours & Co., Inc., E. |., Wilming- 
ton 98, Del. 

General Dyestuff Corp., 
14, N. Y. 

Mallory & Co., Inc., P 
indianapolis 6, Ind. 
National lead Co., 11! 

N. Y. 


435 Hudson St., New York 


, 3029 E. Washington St., 


Broadway, New York 6, 


Radium 

ATOMIC ENERGY OF CANADA, LTD., Commercial 
Products Div., P. O. Box 93, Ottawa, Ontario, 
Canada. ADV. PG. 18 

Atomlab, Inc., 489 Fifth Ave., New York 17, N. Y. 

CANADIAN RADIUM & URANIUM CORP., 630 Fifth 
Ave., New York 20, N. Y. ADV. PG. 116 

Radium = Co., 161 


E. 42nd St., New York 


U. S Palace Corp., 535 Pearl St., New York 7, 
Y. 


Silicon 

Belmont Smelting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y. 

Electro Metallurgical Co., Div. 
Carbon Corp., 30 E. 
N.Y 


322 Bel- 


of Union Carbide & 

42nd St., New York 17, 

Sylvania Electric Products, Inc., 1740 Broadway, 
New York 19, N. Y. 

U. S. Steel Co., 525 Wm. Penn Bidg., Pittsburgh 
30, Pa. 

Vacuum Metals, Inc., 
bridge 42, Mass 


70 Memorial Drive, Com- 


Silver 

American Platinum Works, N. J. R. R. Ave. at 
Oliver St., Newark 5, N. J. 

American Silver Co., 36-07 Prince St., Flushing, 
N. Y. 

Baker & Co., Inc., 113 Astor St., 

Belmont Smelting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y¥ 

Bishop & Co., J., Malvern, Pa. 

General Biochemicals Inc., Laboratory Park, 
grin Falls, Ohio 

Handy & Horman, 82 Fulton St., 

Hill Co., C. R., 35 W. Grand River, 
Mich. 

Hommel Co., 
Pa 


Newark 5, N. J 
322 Bel- 


Cha- 


New York 38, N. ¥ 
Detroit 26, 
©., 209-213 Fourth Ave., Pittsburgh, 
Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 
Makepeace Co., D. E., Aftleboro, Mass. 
Mallinckrodt Chemical Works, Second & Mallinckrodt 
Sts., St. Louis 7, Mo. 
Western Gold & Platinum Works, 
San Francisco, Calif. 


589 Bryant St., 


Silver Alloys and Compounds 

American Oxygen Service Corp., 600 Essex St., Har- 
rison, 

American Platinum Works, N. J. R. 
Oliver St., Newark 5, N. J. 

American Silver Co.,. 36-07 Prince St., 
N. Y. 


R. Ave. at 
Flushing, 


Nework 5, N. J. 
322 Bel- 


Boker & Co., Inc., 113 Astor St., 

Belmont Smeiting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y. 

Handy & Harman, 82 Fulton St., New York 38, N. Y. 

Hommel Co., O., 209-213 Fourth Ave., Pittsburgh, 
P 


‘a. 

Mallinckrodt Chemical Works, Second & Mallinckrodt 
Sts., St. Louis 7, Mo. 

Mallory & Co., Inc., P. R., 3029 E. Washington St., 
Indianapolis 6, Ind. 

Ney Co., J. M., 71 Elm St., Hartford 1, Conn. 

Western Gold & Platinum "Works, 589 Bryant St., 
San Francisco, Calif. 


1952-1953 DIRECTORY of 


Steel 

Allegheny ludium Steel Corp., 2020 Oliver Bidg., 
Pittsburgh 22, Pa. 

American — Service Corp., 
Harrison, N. 

rem ome ‘Co., 


600 Essex St., 


36-07 Prince St., Flushing, 


pe* & Co., John B., 90 W. Broadway, New York 
7, MY. 

Bethlehem Stee! Co., Bethlehem, Pa. 

Carpenter Steel Co., The, Reading, Pa. 

Crucible Steel Co. of America, 405 Lexington Ave., 
New York 17, N. Y. 

Revere Copper & Brass, Inc., 230 Park Ave., New 
York 17, N. ¥ 


Steel, Stainless 

Allegheny Ludlum Steel Corp., 2020 Oliver Bidg., 
Pittsburgh 22, Pa. 

Alloy Metal Wire Co., 13th & Pennsylvania Ave., 
Prospect Park, Pa. 

American Oxygen Service 
Harrison, N. 

— Silver Co, 36-07 Prince St., 


ad 25th St., 


Corp., 600 Essex St., 


Flushing, 


Y. 
pan: -RAY PRODUCTS, ot 
32, N. Y. yy 
Bishop & Co., J., ia San Soe 
Carpenter Steel — The, Reading, Po. 
Driver-Harris Co., Harrison, N. J. 
U. S. Steel Co., 525 Wm. Penn Bidg., Pittsburgh 
30, Pa. 


Brooklyn 


Tantalum 

American Silver Co., 
N. Y. 

Bishop & Co., J., Malvern, Pa. 

Electro Metallurgical Co., Div. of Union Carbide & 
Carbon Corp., 30 E. 42nd St., New York 17, 


36-07 Prince St., Flushing, 


N. Y. 
Jarrell-Ash Co., 165 Newberry St., Boston 16, Mass. 
Thermostatic Bi-Metals 


See BI-METALS—Thermostatic 
Tin 
a Metals, Inc., 
Jersey City, N. J 
American Smelting & Refining Co., 120 Broadway, 
New York 5, N. Y. 
Belmont Smelting & Refining Works, Inc., 
mont Ave., Brooklyn, N. Y. 
Division Lead Co., 836 W. Kinzie St., 
i. 


P. ©. Box 34, 56 Water St., 


322 Bel- 
Chicago 22, 


Federated Metols Div., American Smelting & Re- 
fining Co., 120 Broadway, New York 5, N. Y. 
Hommel Co., O., 209-213 Fourth Ave., Pittsburgh, 

Pa. 
Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 
Mallinckrodt Chemical Works, Second & Mallinckrodt 
Sts., St. Lowis 7, Mo. 
National Lead Co., 111 
M. Y¥. 


Broadway, New York 6, 


Titanium 


American Silver Co., 36-07 Prince St., Flushing, 
N. Y. 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Bishop & Co., J., Malvern, Pa. 

Crucible Steel Co. of America, 405 Lexington Ave., 
New York 17, N. Y. 

du Pont de eae & Co., Inc., E. t., Wilming- 
ton 98, 

Electro 1 Co., Div. of Union Carbide & 
Carbon Corp., 30 E. 42nd St., New York 17, 


Pittsburgh, 


N. Y. 
Homme! Co., O., 209-213 Fourth Ave., 
P 


a. 
Jarrell-Ash Co., 
Mallory & Co., Inc., P. R., 

Indianapolis 6, Ind. 
Metal Hydrides, Inc., 12-24 Congress St., 
Mass. 


165 Neuberry St., Boston 16, Mass. 
3029 E. Washington St., 


Beverly, 


Tungsten 


American Silver Co., 36-07 Prince St., Flushing, 

um. Y: 

Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N. Y. 

Cross Co., H., 15 Beekman St., 

Electro Metallurgical Co., Div. 
Carbon Corp., 30 E. 42nd St., 
N. Y. 

Sylvania Electric Products, Inc., 
New York 19, N. Y. 


New York 7, N. Y. 
of Union Carbide & 
New York 17, 


1740 Broadway, 


Tungsten Ribbon 

American Silver Co., 36-07 Prince St., 
N. Y. 

Cross Co., H., 15 Beekmon St., 

Sylvania Electric Products, Inc., 
New York 19, N. ¥ 


Flushing, 


New York 7, N. Y. 
1740 Broadway, 


Uranium 
Mallinckrodt Chemical Works, Second & Mallinck- 
rodt Sts., St. Louis 7, Mo. 
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NUCLEAR AND ALLIED PRODUCTS 


Zine 

American yy . Refining Co., 120 Broadway, 
New York 5, 

Belmont Seater *y Refining Works, 
mont Ave., Brooklyn, N. 

Division Lead Co., 836 W. Kinzie St., 
i. 

Eagle-Picher Co., 

Federated Metals Div., 
fining Co., 120 Broadwoy, New York 5, N. Y. 

Homme! Co., O., 209-213 Fourth Ave., Pittsburgh, 
P 


Inc., 322 Bel- 
Chicago 22, 


Cincinnati, Ohio 
American Smelting & Re- 


Boston 16, Mass. 
New York 6, 


a. 

Jarrell-Ash Co., 165 Newberry St., 

National Lead Co., 111 Broadway, 
N. ¥ 


Zirconium 


American Silver Co., 36-07 Prince St., Flushing, 


N.Y 
Belmont Smelting & Refining Works, Inc., 322 Bel- 
mont Ave., Brooklyn, N ° 
Electro Metallurgical Co., Div. 
a Corp., 30 E. 42nd St., 
Y 


of Union Carbide & 
New York 17, 


feats oo"? Co., 18 W. Chelten Ave., Philadel- 
phia 44 

Hommel Co., °O., 209-213 Fourth Ave., Pittsburgh, 
Pp. 


co. 
Metal Hydrides, Inc., 12-24 Congress St., Beverly, 
Mass. 


METERS—Counting Rate 


Air Associates, Inc., Ti o, N. J. 
American Instrument Co., Inc., 8030 Georgia Ave., 
Silver Spring, Md. 

Atomlab, Inc., 489 Fifth Ave., New York 17, N. Y. 
Automatic Temperature Contro! Co., Inc., 5206 Pu- 
laski Ave., Philadelphia 44, Po. 
Berkeley Scientific Div. of Beckman 

2200 Wright Ave., Richmond, Calif. 
Bristol Co., The, Waterbury 20, Conn 
Cinema-Television Ltd., Worsley Bridge Rd., Lon- 

don, S$. E. 26, England 
COLE, LTD., E. K., Electronics Div., 

Wiltshire, England. ADV. PG 
Decade Instrument Co., P. O. Box 153, Caldwell, 

N 


Instruments, 


Malmesbury, 


J. 
Detectron Co., 5631 Cahuenga Bivd., North Holly- 
wood, Colif. 
Douglas Radio Labs., 176 Norfolk Ave., Boston 19, 
Mass 
El-Tronics, Inc., 
phic 33, Pa 


2649 N. Howard St., Philadel- 

GENERAL ELECTRIC CO., Apporatus Sales Div., 
Schenectady 5, N. ¥Y. ADV. PGS. 2-5 

General -_, — 275 Massachusetts Ave., Cam- 
bridge 30, 

leland 4d = ltd., 
S. W. 1, England 

Macdonald Co., Inc., 
Cambridge 38, Mass. 

MEASUREMENTS CORP., Boonton, N. J. 


22-23 Millbank, London, 


W. S., 33 University Rd., 


ADV. PG. 


6 

Measurement Engineering Ltd., Arnprior, Ontario, 
Conada 

New London Instrument Co., P. O. Box 189, New 
London, Conn 

North American Philips Co., Inc., 
New York 17, N. Y. 

NUCLEAR INSTRUMENT & CHEMICAL CO., 223 W. 
Erie St., Chicago 10, Ill. ADV. PG. Back Cover 

Nuclear Measurements Corp., 2460 N. Arlington 
Ave., Indianapolis 18, Ind. 

NUCLEAR RESEARCH CorP., 2563 Grays 
Ave., Philadelphia 46, Po. ADV. 97 

NUCLEAR RESEARCH & DEVELOPMENT INC., 
Sutter Ave., St. Lovis, Mo. ADV. PG. 103 

Nuclear Specialty Co., P. O. Box 455, Center 
Moriches, N. Y 

NUCLEONIC CO. OF AMERICA, 497 Union St., 
Brooklyn 31, N. Y. ADV. PG. 112 

Patterson, Moos & Co., 32-36 47th Ave., 
Long Island City 1, N 

Phoenix Precision Instrument Co., 
St., Philadelphia, Po. 

Photocon Research Products, 
Pasodena 7, Calif. 

R-C SCIENTIFIC INSTRUMENT CO., 335 Culver 
Bivd., Playa Del Rey, Calif. ADV. PG. 129 

Radiation Counter Labs., Inc., 1844 W. 21st St., 
Chicago 8, III 

RADIATION INSTRUMENT DEVELOPMENT LAB., 
2337 W. 67th St., Chicago 36, Ill. ADV. PG. 
Inside Bock Cover 

RADIO CORP. OF AMERICA, RCA VICTOR DiV., 
ENGINEERING PRODUCTS DEPT., Front & Cooper 
Sts., Camden, N. J. ADV. PG. 13 

RADIOACTIVE PRODUCTS, INC., =r Congress St., 
Detroit 26, Mich. ADV. PG 

Square Root Mfg. Corp., 391 Nua Mill River Rd., 
Yonkers, N. Y. 

Stondard Electronics 
Ave., New York 21, N. 

TECHNICAL ASSOCIATES, INC., 
Ave., Burbank, Calif. ADV. 

TECHNICAL OPERATIONS, INC., 6 Schouler Court, 
Arlington 74, Mass. ADV. PG. 128 


100 E. 42nd St., 


Ferry 


1094 


3803~05 N. 5th 
421 N. Foothill Bivd., 


Research Corp., 2 East End 
2 


140 = Providencia 
PG. 


METERS 





TRACERLAB, = -¢ 130 High St., Boston 10, Mass. 
ADV. 

VICTOREEN ine 
Cleveland 14, 


Cover 
Walkirt Co., 145 W. Hazel, Inglewood, Calif. 
Wang Laboratories, 296 Columbus Ave., Boston 16, 


CO., 3800 Perkins Ave., 


Ohio. ADV. PG. Inside Front 


Mass. 

WATERS, INC., ROBERT a 4 Gordon St., Waltham 
54, Mass. ‘ADV. PG. 115 

Western Radiction Lab., 
Angeles 27, Calif. 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
Frelinghuysen Ave., Newark 5, N. J. ADV. PG. 
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Arnprior, Ontario, 


Phoostron Co., 


OSCILLOSCOPES 





Precision Apparatus Co., Inc., 92-27 Horace Hard- 
ing Bivd., Elmhurst, i. we 

Precision El » 643 Mil ke 
22, tl. 

Radio City Products Co., Inc., 
New York 1, N. ¥ 

Shalicross Mfg. Co., 


Ave., Chicago 





152 W. 25th St., 


“10 Jackson Ave., Collingdale, 


a. 

Shurite Meters, 35 Hamilton St., New Haven 8, 
Conn. 

Simpson Electric Co. Div., American Gage & Ma- 
chine Co., 5208 W. Kinzie St., Chicago 44, Ill. 

Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 

Inc., Herman H., 27 Park Place, New 
, M. ¥. 

Sun Electric Corp., 6323 Avondale Ave., Chicago 
31, i. 

Supreme, 

Tr. t. G. 
1, N. 

Telectro Tuten ae 
Island City 1, 

Triplett Electrical a Co., 286 Harmon Rd., 
Bluffton, Ohio 

Welch Scientific Co., W. M., 
Chicago 10, fil. 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
Frelinghuysen Ave., Newark 5, N. J. ADV. PG. 
10: 


inc., Greenwood, 
— Corp., 31 w “ath St., New York 


35-18 37th St., Long 


1515 Sedgwick St., 


2 
Weston laboratories, Weston 93, Mass. 
Winslow Co., inc., 9 Liberty St., Newark, N. J. 


OPTICAL INSTRUMENTS 


American Optical Co., 
Y 


N.Y. 

Austin Co., Special Devices Div., 
New York 11, N. Y. 

Baird Associates, Inc., 33 University Rd., Cambridge 
38, Mass. 

Bausch & Lomb Optical Co., 
Rochester 2, N. Y. 

= Optical Co., 1009 Beech Ave., Pittsburgh 12, 


instrument Div., Buffalo 15, 


76 Ninth Ave., 


630 St. Pav! St., 


band Scientific Co., 
cago 13, Ill. 

Eastman Kodok Co., Rochester 4 

Farrand Optical Co., , oa Blvd. 2 Me 238th St., 
New York 70, N. 

Ferner Co., R. Y., 

Fisher Scientific Co., 
Pa. 


Goortner Scientific Corp., 1237 Wrightwood Ave., 
Chicago, til. 

Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 

LEITZ, INC., é., 304 Hudson St. A Spring St., 
New York 13, N. Y. ADV. PG. 12 

37-01 31st St., 


1700 Irving Pork Rd., Chi- 


no Pleasant St., 
709 Forbes St., 


Malden, Mass. 
Pittsburgh 19, 


Maurer, inc., J. A., 7s Island 
City, N. Y. 

PENBERTHY INSTRUMENT CO., HI-D DIVISION, 666 
Adoms St., Seattle 8, Wash. ADV. PGS. 127, 
134 

Perkin-Elmer Corp., Norwalk, Conn 

Phoenix Precision Instrument Co., 
5th St., Philadelphia, Po. 

Process > 2 ' , 0G 
lyn 22, 

screnTipic "SPECIALTIES corP., 
Sts., Brighton 35, Mass. ADV. PG. 122 

Tinsley  Sapenetartan, Inc., 2526 Grove St., 


unite ‘svares TESTING CO., 
ADV. PG. 

Welch scinatine Co., W. M., 
Chicago 10, III. 

Willioms, Brown & Earle, inc., 918 Chestnut St., 
Philadelphia 7, Pa. 

Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. 

Zeiss, Inc., Carl, 
N. Y. 

OSCILLOGRAPHS 

Brush Development Co., 3405 Perkins Ave., Cleve- 
land 14, Ohio 

3786 Grand 
Y. ADV. 


"3803-05 North 
Ave., Brook- 





Snow & Union 
Berkeley 
Hoboken, N. J. 
1515 Sedgwick St., 


485 Fifth Ave., New York 17, 


CAMBRIDGE INSTRUMENT CO., INC., 
ager Terminal, New York 7, 'N. 


PG. 123 

CENTRAL RESEARCH eenarees, 
Wing, Minn. ADV. . 

Cinema Television Ltd., ees Bridge Rd., Lon- 
don, S. E. 26, England 

Consolidated Engineering Corp., 
Madre Villa, Pasadena 8, Calif 

DuMont Labs., Inc., Allen B., 
Clifton, N. J. 

Edin Co., inc., 207 Main St., Worcester, 

Electric & Musicol Industries Lid., Hayes, 
sex, England 

Electro-Medical Lob., Inc., South Woodstock 6, Vt. 

Electrofax Co., 30 Burtis Ave., New Canaan, 

GENERAL ELECTRIC CO., Apporatus Soles Div., 
Schenectady 5, N. Y. ADV. PGS. 2-5 

Leland Instruments ttd., 22-23 Millbank, London, 
Ss. W. 1, England 

Maurer, tnc., J. A., 37-Ol Bist St., 
City, N 


INC., Red 


300 N. Sierra 
1000 Main Ave., 


Mass. 
Middle- 


long Island 


” Engineering Ltd., Arnprior, Ontario, 





Calif. 


Canada 
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Fifth Ave., New York N. Y. 
Miller Corp., William, 323 'N. Halstead Ave., Pasa- 
dena 8, 
Precision Apporatus Co., e 92-27 Horace Hard- 
‘ Elmhurst, N. 





" Riverside Drive, Los 
St., Cambridge 39, 
je 2 
Servo Corp. Rd  Americe, 2020 Jericho Turnpike, 
New Hyde Pi Y. 

Southwestern tor DoF Electronics Co., 2831 Post 
Oak Rd., P. O. Box 13058, Houston 19, Texas 
Western Sound & Electric Labs., inc., 805 S. Fifth 
St., Milwaukee 4, Wis. 
Westinghouse Electric Corp., P. O. Box 868, Pitts- 

burgh 30, Pa. 


OSCILLOSCOPES 

Cinema Television Lid., Worsley Bridge Rd., Lon- 
don, S. E. 26, England 

DuMont Labs., inc., Allen B., 1000 Moin Ave., 
Clifton, N. 5 

Electric & Musico! Industries, Ltd., Hayes, Middle- 


sex, Engla 
E!-Tronics, 2649 N. Howerd St., Philedel- 

phia 33, 
FURST BLECTRONICS, 3322A } = 

Gene 25, i. ADV. PG. 110 
Generali Electric -» Eh 


Park, Syracuse, N. Y. 
Hickok Electrical Instrument Co., The, 10514 Du- 


pont Ave., Cleveland 8, Ohio 
TORY ELECTRON Parr} 43 Leon 


oe > 
lewrence Ave., 


Div., 








N. J. 
Leland Instruments Ltd., “22-23 “Millbank, London, 
and 


Ss. W. 1, Engl 
E Ltd., Arnprior, Ontario, 


Et a) Co., 106 
Fifth Ave., New York 11, N. Y. 
Mullard Overseas, itd., Contery 4 Shaftes- 


Lendon W. C. 2, 
Asa 'W. 25th Se., 


ry 
Radio City ‘Products Co. , inc., 
New York 1, N. 
Resdel Engineering, ‘ost Riverside Drive, Los An- 
geles 39, Calif 
Simpson Electric Co. Div. of American Gage & Mo- 
chine Co., 5208 W. Kinzie St., Chicago 44, III. 
-KENNEDY LABS., INC., 186 Mossachusetts 
Ave., Com 


bridge 39, hos. ADV. PG. 12 
Square Root % 4 Corp., 391 Saw Mill River Rd., 
Yonkers, N. 


Sylvonia buwtc preeeen, 1740 Broadway, 
New York 19, N. 

Tektronix, inc., P. ° Box 831, Portiond 7, Ore. 

Television Equipment Corp., 238 William St., New 
York, 





., Canada 





Inc., 


«+ _ 2245-63 
ADY. PGS. 


WA TERMAN PRODUCTS co., Inc. 
ee St., Philaedelphic 25, Pa, 
7 


wotlere Sound & oo Lobs., tnc., 805 S. Fifth 
St., Milwaukee 4, 


OSCILLOSCOPES—Cathode Ray 


Airmec eg ore ltd., High Wycombe, Bucking- 
hamshire, E 
Allied Radio = , 833 W. Jackson Bivd., Chicago 


| 
American Electronic ~ ~wpeese Inc., 641 Arch 


St., Philadeiphic 6, 

BETA ELECTRIC CORP., 3 E. 103rd St., New York 
29, N.Y. ADV. PG. 120 

Browning Laboratories, Winchester, Mass. 

CAMBR' Grond 


ADV. 
Cinemo-Television, Ltd., Lon- 
don, S. E. 26, ia 
Cossor (Canada) Ltd., 301 Windsor St., Halifax, 
N. &., inoda 
Daylight Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicoge 30, 
Douglas Radio Labs., 


1 

Inc., 
CO., INC., 3786 

New York 17, WN. Y. 


i} ' 
Central Terminal, 
PG. 123 


Worsley Bridge Rd., 


i. 
176 Norfolk Ave., Boston 19, 


Mass. 
Du Mont Labs., Inc., a, 8., 

1000 Main Ave., Clifton, Yf 
Electric & Musical pact Ray itd., Hayes, Middle- 


instrument Div., 


sex, Englond 
Electronic instrument Co., Inc., 276 Newport St., 
Brooklyn 12, N. Y. 
Electronic = Corp., 1200 E. Mermaid Lane, Phile- 
delphia 
“2649 N. Howard St., Philadel- 
Fieming foe ltd., 18-20 Laystoll St., Londen, 
é. < England 


Ei- a 
phia 33, 
FURST ELECTRONICS, 3322A W. Lawrence Ave., 
= h3 a7 ADV. PG. 110 
le Co., Ek ics Div., Electront 





Park, ‘ ° 
Heath Co., Harbor, Mich. 
Hickok Electrical Instrument Co., The, 10514 Dupont 
Ave., Cleveland 8, Ohio 
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OVENS 





LABORATORY FOR meee. ar 43 Leon 
St., Boston 15, Mass. ADV. 5 

Lavoie Laboratories, plone ay N. J. 

Leland Instruments Ltd., 22-23 Millbank, 
S. W. 1, England 

Marconi Instruments, Ltd., 
York 4, N.Y 

Measurement Engineering Ltd., 
Canedoa 

Metropolitan Electronics & Instruments Co., 106 
Fifth Ave., New York 11, N. Y. 

Millen Mfg. Co., James, 150 Exchange St., 
Moss 

Mullard Overseas Ltd., Century House, 
Ave., london W. C. 2, England 

Precision Apporatus Co., Inc., 92-27 Horace Hard- 
ing Bivd., Elmhurst, N. Y 

Radio City Products Co., Inc., 
New York 1, N. Y¥ 

RADIO CORP. OF — TUBE DEPT., Horrison, 
N. J ADV. PG. 

Resde! ae 
Angeles 39, Colif 
Simpson Electric Co., Div. 
Machine Co., 52 

Wm 
SPENCER-KENNEDY LABS., INC., 186 Massachusetts 
Ave., Cambridge 39, Mass. “ADV. PG. 12 
Supreme, inc., Greenwood, Miss 
Sylvania Electric Products, Inc., 
New York 19, N. 
Tektronix, Inc., P. O. Box 831, 
Telechrome, inc., 88 Merrick 


London, 


23-25 Beaver St., New 


Arnprior, Ontario, 


Malden, 


Shaftesbury 
152 W. 25th St., 


3351 Riverside Drive, Los 
of American Gage & 
08 W. Kinzie St., Chicago 44, 


1740 Broadway, 


Portiand 7, Ore 

Road, Amityville, 

Teletronics Laborotory, Inc., Kinkel St., Westbury, 
N. ¥ 

Television Equipment Corp., 
York, N. Y 

Triplett Electrica! 
Bluffton, Ohio 

Twentieth Century Electronics, Ltd., 
Dunbor St., West Norwood, 
England 

WATERMAN PRODUCTS CO.,_ INC., 
Emerald St., Philadelphia 25, Pa. 
6, 7 

Western Sound & Electric Labs., Inc. 
St., Milwaukee 4, Wis. 

Weston Laboratories, Weston 93, Mass. 


238 William S., New 


Instrument Co., 286 Harmon Rd., 
Dunbor Works, 
london, S. E. 27, 


2445-63 
ADV. PGS. 


, 805 S. Fifth 


OVENS—Constant Temperature 


Boeke! & Co., Inc., Wm., 509-519 Vine St., Phila- 
delphia 6, Pa. 

Central Scientific Co., 1700 Irving Park Rd., Chi- 
cago 13, Ili 

Colloid Equipment Co., 
York 7, N. Y. 

Daylight Vacuum Products Co., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 

Electric Heat Control Apparatus Co 
Ave., Newark 5, N. J. 

Electric Hotpack Co., Inc., 
Philadelphia, Pa. 

Fisher Scientific Co., 


Inc., 50 Church St., New 


, 27 N. J. RR. 
5035 Cottman Ave., 


709 Forbes St., Pittsburgh 19, 
Po 

Grieve-Hendry Co., 
Ll 

Humboldt Mfg. Co., 
47, 

Huppert Co., K. H., 
Chicago 37, II! 
National Appliance Co., 

Ore 
Phipps & Bird, Inc., 


1101 N. Paulina St., Chicago, 


2814 N. Whipple St., Chicago 


6835 S. Cottage Grove Ave., 
Swan Island, Portland 18, 


303 S. 6th St., Richmond 5, 
Ph. Scientific Co., 
Chicago 47, fil. 
Process & Instruments, 

lyn 22, N. Y. 
Radioisotope Application Co., 1843 University Ave., 
Berkeley 3, Colif 
Rockwell Co., W. S., 
onn 


3737 W. Cortland St., 


60 Greenpoint Ave., Brook- 


200 Eliot St., Fairfield, 

Sargent & Co., 
30, 1 

Scientific Service, Inc., 
Calif. 

Tenney Engineering, Inc 
N. J. 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


E. H., 4647 W. Foster Ave., Chicago 


1417 Solano Ave., Albany, 
, 26 Avenue B, Nework 5, 


70 Palisade Ave., 


OVENS—Laboratory 


Acme Electric Heating Co., Inc 
St., Boston, Moss. 
American Instrument Co., 
Silver Spring, Md. 
Boeke! & Co., Inc., Wm 

deiphia 6, Pa. 
Central Scientific Co., 
cago 13, Ili. 
Colloid ee Co., 


- 1205 Washington 
Inc., 8030 Georgia Ave., 
, 509-519 Vine St., Phila- 
1700 Irving Park Rd., Chi- 
Inc., 50 Church St., New 
Mo. : 1467 S. Michigan Ave., Chicago, 


Daylight Vacuum Products Co., 5207 N. Milwaukee 


Ave., Chicago 30, Iii. 
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Eimer & Amend Diy. of nay Scientific Co., 635 
Greenwich St., New York, 

Electric Heot Contro! "Aspersive Ce. 247 N. J. RR. 
Ave., Newark 5, 
Electric Hotpack ag 
Philadelphia, Po. 
a ~ Scientific Co., 709 Forbes St., 


inc., 5035 Cottman Ave., 


Pittsburgh 19, 


onan Hendry Co., 1101 N. Paulina St., Chicago, 
i. 


. Co., O., 209-213 Fourth Ave., Pittsburgh, 
Pa 


Humboldt Mfg. Co., 2814 N. Whipple St., Chicago 

Huppert Co., K. H., 6835 S. Cottage Grove Ave., 
Chicago 37, III. 

National Appliance Co., 
Ore. 

Phipps & Bird, Inc., 

Precision Scientific Co., 
cago 47, | 

Rockwell Co., 

Sargent & Co., E. H., 464 
cago 30, Ill. 

Thomas Co., 4 H., 
Philadelphia 5, 

UNITED STATES TESTING co., 
ADV. PG. 114 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


Swan Island, Portland 18, 


303 S. 6th St., Richmond 5, Va. 
3737 W. Cortland St., Chi 


ul. 
W. S., 200 Eliot St., Fairfield, Conn. 
7 W. Foster Ave., Chi- 


W. Washington Square, 
Hoboken, N. J. 


70 Palisade Ave., 


OVENS—Vacuum 


American Instrument Co., Inc., 
Silver Spring, Md. 

Bowser Technical Refrigeration Div., 
Terryville, Conn 

Central Scientific Ce., 


8030 Georgia Ave., 
Bowser, Inc., 
1700 Irving Park Rd., Chicago 


13, 1. 

DISTILLATION PRODUCTS INDUSTRIES, . Division 
of Eastman Kodak Co., Rochester 3, N. ADV. 
PG. 9 

—— Vacuum Products Co., 

Ave., Chicago 30, Ii. 

Eisler Engineering Co., 760 S. 

N. 


5207 N. Milwaukee 


13th St., Newark 3, 
Pin Tn Heat Control oy ie a Co., 27 N. J. R. R. 
Ave., Newark 5, 
Electric Hotpack Co., 

Philadelphia, Pa. 
National Appliance Co., Swan Isiand, Portland 18, 


fens 5035 Cottman Ave., 


NATIONAL RESEARCH CORP., 70 Memoria! Drive, 
Cambridge 42, Mass. ADV. PG. 16 

OPTICAL FILM ENGINEERING CO., ia N. 6th 
St., Philadelphia 33, Pa. ADV. PG. 10 

Precision oo Co., 3737 W. Cortiond St., 
Chciago 47, 

STOKES MACHINE co., F. J, 
P. O., Philadelphia 20, Pa. 
Tenney Engineering, 

N. J. 


Frankford Station 
ADV. PG. 117 
Inc., 26 Avenve B, Newark 5, 


Will Corp., Rochester 3, N. Y. 
Yonkers <a t Supply Co., 
Yonkers 2, N. 


PAINTS—Protective 


American Products Mfg. Co., Inc., 8127-33 
Oleander St., New Orleans 18, La 

Arco Co., The, 7301 Bessemer Ave., 
Ohio 

Atlas 
Mertztown, Pa. 

nee Co., 7603 Forsythe Bivd., St. 


70 Palisade Ave., 


"Cleveland 27, 


Mineral Products Co., 131 Norman St., 


Lovis 5, 


Fe Corp., Chrysler Bidg., New York 17, 
N. 


Devoe & Raynolds Co., Inc., 787 First Ave., New 
York, N. Y. 

du Pont de Nemours & Co., Inc., E. 1., Wilmington 
98, Del. 

Eagle-Picher Co., 

Electro Chemical Supply & Engineering Co., 750 
Broad St., Emmaus, Pa. 

General Cement Co., 919 Taylor Ave., Rockford, !i!. 

Glidden Co., 11001 Madison Ave., Cleveland 2, 


Cincinnati, Ohio 


10 Colfax Ave., Clifton, 
& 44th Ave., 


Ohio 
Highside Chemicals Co., 
N. J 


Horn Co., Inc., 
island ‘City i, 

Houghton ro BB MG Inc., 322 Bush St., 
N. 


¥" C., 10th St. long 


Olean, 


Y. 
Howe & French, Inc., 99 Broad St., Boston 10, 


Mass. 
Inertol Co., Inc., 480 Frelinghuysen Ave., Newark 
J 


Irvington Varnish & Insulator Co., 6 Argyle Terrace, 
Irvington, N. 

Knight, Maurice A., 171 Kelly Ave., Akron, Ohio 

Moas & Waldstein Co., 438 Riverside Ave., New- 
ork 4, N. J. 

Micro-Circuits Co., New Buffalo, Mich. 

Mitchell-Rand Insulation Co., Inc., 51 Murray St., 
New York 7, N. Y¥ 

National Lead Co., 
wm Ve 

Nukem Products Corp., 111 

20, N. Y. 


‘111 Broadway, New York 6, 


Colgate Ave., Buffalo 


1952-1953 DIRECTORY of 


Pitts- 
New 


Savereisen Bidg., 
100 East 42nd St., 
York, 


u. S$ Latins Co., Akron 9, Ohio 
Varniton Co., 416 N. Varney St., Burbank, 


PANELS & WALLBOARD 


Armstrong Cork Co., 1010 Concord St., 
Ae 


Lancaster, 
Y PRODUCTS, INC., 209 25th St., Brooklyn 

rar 4 Y. ADV. PG. 112 

Insuline Corp. of America, 36-02 35th Ave., Long 
Island City, N. Y. 

Penn Fibre & Specialty Co., 2020 E. Westmoreland 
St., Philadelphia 34, Pa. 

Technical Ply-Woods, 228 N. LaSalle St., Chicago, 
i. 


Savereisen Cements Co., 
burgh 15, Pa. 


United ee Inc., 


Calif. 


PROEGES <Saaren 


American Products Mfg. Co., 
Oleander St., New Orleans 18, La 

CANADIAN RADIUM & URANIUM conr., - Fifth 
Ave., New York 20, N. Y. ADV. 

COLE, LTD., E. K., Electroni Dh bury, 
Wiltshire, Englond. ADV. PG. 

DISTILLATION ipusTuies, A Division 
of Eastman Kodak Co., Rochester 3, N. Y. ADV. 

1 


8127-33 





9 

Harshaw Scientific, Div. of Harshaw Chemical Co., 
1945 E. 97th St., Cleveland 6, Ohio 

Linde Air Products Co., Div. of Union Corbide & 
Carbon Corp., 30 E. 42nd St., New York 17, 
. ¥. 

Macdonald Co., Inc., 
Cambridge 38, Mass. 

ye RADIAC, INC., 

J ADV. 


W. S., 33 University Rd., 


A Crawford St., New- 

3 ‘ 

NUCLEAR RESEARCH com. * 9563 Grays 
Ave., Philodelphia 46, Pa. ADV. PG. 97 

NUCLEAR RESEARCH & DEVELOPMENT INC., 1094 
Sutter Ave., i ADV. PG. 103 

Patterson, inc., 32-36 47th Ave., 
Long Island City 1, Y. 

— peer Inc., a Felton St., 


Ferry 


Waltham 54, 


INSTRUMENT CO., 335 Culver 
ADV. PG, 129 
1844 W. 21st St., 


ac “SCIENTIFIC 
Bivd., Playa Del Rey, Calif. 
Radiation Counter Labs., Inc., 

Chicago 8, II. 
—— Electronics Research Corp., 

ve., New York 21, N. Y. 
* es 130 High St., Boston 10, Mass. 
PG. 


5491 


2 East End 


Wood pao %ny Laboratory, N., 
Chicago 15, Ill. 


PHOTOGRAPHIC MATERIALS—Films 
and Papers for Recording 


Instruments 
wae 


Bluckstone, 


Ansco Division, 
Binghamton, N. 

Berndt-Bach, Inc. 
36, Calif. 

Consolidated Engineering Corp., 
Madre Villa, Pasadena 8, Calif. 

du Pont de Nemours & Co., Inc., E. 
98, Delaware 

Eastman-Kodak Co., Rochester 4, N. Y. 

LUDWIG ASSOCIATES, F. G., 304 High St., Deep 

, Conn. ADV. PG. 7 

Maurer, he ae 
City, 

Miller “Ma William, 325 N. Halstead Ave., Pasa- 
dena 8, Calif. 


PHOTOGRAPHIC MATERIALS— 
Spectrographic Instruments 
BURKE & JAMES, INC., 32! S. Webash Ave., Chi- 

cago 4, til. ADV. PG. 133 
Eastman-Kodak Co., Rochester 4, N. Y. 
Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 
National Spectrographic Labs., Inc., 6300 Euclid 
Ave., Cleveland 3, Ohio 


PHOTOGRAPHIC PLATES & FILM— 
Nuclear 


Eastman-Kodak Co., Rochester 4, N. Y. 

Jarrell-Ash Co., 165 Neuberry St., Boston 16, Mass. 
Minimax Co., 5905 N. Clark St., Chicago 26, Ill. 
Powers X-Ray Products Inc., Glen Cove, N. Y. 


PHOTOMETERS—Electric 
inc., 8030 Georgia Ave., 


Aniline & Film Corp., 
los Angeles 
300 N. Sierra 


: ar? Beverly Bivd., 


\., Wilmington 


37-01 31st St., Long Islond 


American Instrument Co., 
Silver Spring, Md. 

Avion Instrument Corp., Paramus, N. 

Baldwin Instrument Co., Ltd., ets Works, 
Dartford, Kent, England 

Electronic Contro! Corp., 1573 E. Forest St., Detroit 
7, Mich, 
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NUCLEAR AND ALLIED PRODUCTS 


Electro-Physics Corp., 287 Broadway, New York 7, 
N.Y 


Farrand Optical Co., inc., Bronx Bivd. at E. 238th 
St., New York 70, N. 
Fisher Scientific Co., 709 Forbes St., Pittsburgh 19, 

‘a. 
leeds & Northrup Co., 
phic 
Phoenix Precision Instrument Co., 
5th St., Philadelphia, Pa 
Photocon Research Products, 
Pasadeno 7, Calif 
Rubicon Co., Ridge Ave. at 35th St., 
32, Po 


Telechrome, inc., 


4970 Stenton Ave., Philadel- 
3803-05 North 
421 N. Foothill Bivd., 
Philadelphia 
88 Merrick Rood, Amityville, 
1515 Sedgwick St., 


INSTRUMENT CORP., 614 
Newark 5, N. J. ADV. PG. 


Welch Scientific Co., 
Chicago 10, It! 

WESTON ELECTRICAL 
Frelinghuysen Ave., 
102 


PHOTOMETERS—Flame 


33 University Rd., 


Ww. M., 


Baird Associates, inc., Cam- 
bridge 38, Mass. 

Baldwin Instrument Co., Ltd., 
Dartford, Kent, England 

Beckman Instruments, Inc., 
Pasadenc 183, Colif. 

Electronic Control! Corp., 1573 E. Forest St., 
7, Mich 

Perkin-Elmer Corp., Norwalk, Conn 

Phoenix Precision Instrument Co., 
St., Philadelphia, Pa. 

Process & Instruments, 
lyn 22, N. Y 


PHOTOMETERS—Light-Transmission 


Baldwin instrument Co., Ltd., Works, 
Dartford, Kent, England 

Central Scientific Co., 1700 Irving Park Rd., Chi- 
cago 13, II! 

Coleman Instruments Inc., Moywood, fil, 

Electronic Control Corp., 1573 E. Forest St., 
7, Mich 

Farrand Optical Co., “a? 
St., New York 70, N. 

Fisher Scientific Co., 
Po. 

Goertner Scientific Corp., 
Chicago, II. 

Macbeth Corp., 
Newburgh, N 

Perkin-Elmer Corp., 

Phoenix Precision 
5th S?., 

Photovolt Corp., 
N 

Welch Scientific 
Sedgwick St., 


Brooklands Works, 
820 Mission St., South 


Detroit 


3803-05 N. 5th 


60 Greenpoint Ave., Brook- 


Brooklands 


Detroit 
Bronx Bivd. ot E. 238th 
709 ‘ides St., Pittsburgh 19, 
1237 Wrightwood Ave., 
Cocheton Turnpike, P. O. Box 950, 
Norwalk, Con 
Instrument Co., 


Philedelphia, Pa. 
95 Madison Ave. 


"3803-05 North 
New York 16, 


Instrument Co. 
Chicago 10, Ill. 


PHOTOMICROGRAPHIC EQUIPMENT 


Bousch & Lomb Srtes Co., 630 St. Paul St., 
Rochester 2, N. 

Ferner Co., 8. ¥ 

Jarreli-Ash Co., 

Photovolt Corp., 
N.Y 

Maurer, Inc., J. A., 
City, N. Y¥ 


PIPE—Acid Proof 


Coors Porcelain Co., Golden, Colo. 

General Ceramics & Steatite Corp., 
Road, Keasbey, N. J. 

International Nickel Co., Inc., 67 Wall St., New 
York 5, N.Y 

Knight, Mourice A., 171 Kelly Ave., Akron, Ohic 

Lapp Insulator Co., Inc 3) Gilbert St., LeRoy, 


WwW. M., 1515 


the Pleasont St., Maiden, Mass. 
165 Neuberry St., Boston 16, Mass. 
95 Madison Ave., New York 16, 
37-01 


31st St., Long Island 


250 Crows Mill 


Y 
Pfaudier Co., 1002 West Ave., Rochester, N. Y. 
U. S. Stonewore Co., Akron 9, Ohio 


PIPE—Glass 


Corning Gloss Works, 
Fischer & Porter Co., 
Pa. 
Hickey Inc., 
mW 
Phoenix Precision 
Sth St., 


PIPE—Hard Rubber 


Goodyear Tire & Rubber Co., Akron, Ohio 

Luzerne Rubber Co., Dewey St., Trenton, N. J. 

U. S. Rubber Co., 1230 Avenue of the Americas, 
New York 20, N. Y. 


PIPE—Metal 


Allegheny — ty Corp., 
Pittsburgh 22, 

Alloy nee Division “of Carpenter Steel Co., Union, 
N. 


Corning, N. 
50 County Seo Rd., Hatboro, 
Fred S., 5041 W. Lake St., Chicago 44, 
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Philadelphia, Pa. 


2020 Oliver Bidg., 





Alpha Metals, Inc., P. O. Box 34, 50 Water St., 
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New York 5, N. 
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St., New York, 
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Bivd., Playa Del Rey, Calif. ADV. PG. 129 

., Ine., 1844 W. 21st St, 


INC., 6 Schouler Court, 
PG 


Arlington 74, Moss. ADV. ‘ 
TRACERLAB, INC., 130 High St., Boston 10, Mass. 
24 


1731 WN. Elston Ave., 
Co., 


Mfg. 8127-33 
nder St., New Orleans 18, 
Y . et ~~ 25th “St. Brooklyn 


QS Newark, Delaware 
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mH. 
lac., 





N.Y. 
Day Co., The, 820 Third Ave., NE, Mi lis 13, 


Minn 
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Ww 
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South Boston 23, Mass. 

Houston Blow Pipe & Sheet Metal Works, 
Box 1692, Houston 1, Texas 

International a Co., Inc., 
York 5, N. 

National Lead “te., WW 
N. 


P. O. 


67 Wall St., New 


Broadway, New York 6, 
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York 17, N. Y. 
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Pittsburgh 19, 
1085 Myrtle Ave., Brook- 


instrument Corp., Box 1166, EI 


Spruce St., Vineland, N. J. 
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Keller Products, Inc., H. 
228 N. Lisette St., 


Technical Ply-Woods, Chicago, 
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U. S. Plywood Corp., 55 W. 44th St., New York 18, 
a. ¥. 


POLARIZERS 
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Central Terminal, New York 17, N. Y. ADV. 


Boston 16, Mass. 
3805-05 N. 5th 


PG. 123 
Fisher Scientific Co., 709 Forbes St., Pittsburgh 
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Sergent & Co., 
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Allen-Bradley Co., 136 W. Greenfield Ave., Mil- 


waukee 4, Wis. 
Allied iRodio Corp., 833 W. Jackson Bivd., Chicago 
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E. H., 4647 W. Foster Ave., Chi- 


Avion Sneeae Corp., Paramus, N. J. 
Borg Corp., George w., Borg Equipment 
Janesville, Wis. 
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BETA ELECTRIC ag = e 103rd St., New York 
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long 
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Macdonald Co., Inc., 
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Macleod & Hanopol, inc., 
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St., Indianapolis 6, Ind. 
Manson Laboratories, 207 Greenwich Ave., Stam- 

ford, Conn. 
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Mercury Electronic Co., Box 450, Red Bank, N. J. 
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NEUTRONIC ASSOCIATES, 83-56 aes Ave., Elm- 
hurst 73, N. Y. ADV. PG. 1 
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NUCLEAR RESEARCH CORP., poe om Ferry Ave., 
Philadelphia 46, Pa. ADV 

NUCLEAR RESEARCH & DEVELOPMENT ate. 
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13, WH. 
Tt. t. G. ~ eon Corp., 31 W. 27th St., 


“22 Durham Ave., Metuchen, 


New York 


1, N. 

Telectro ener 2. 35-18 37th St., Long 
Island City 1, N. 

Westinghouse Electric Dio. , P. O. Box 868, Pitts- 


burgh 30, Pa. 


RECTIFIERS—Electronic 


Allied Radio Corp., 833 W. Jackson Bivd., Chicogo 

Allis-Chaimers Mfg. Co., 935 S. 70th St., Milwau- 
kee 1, Wis. 

Americon SOS ag Corp.; 
New York 7, 

Bogue Electric late. “Co., 


306 Broadway, 
52 lowe Ave., Paterson 


3, 

Bogue ‘Railway Equipment Div. of Soawe Electric 
Mfg. Co., 52 lowa Ave., Paterson 3, 

Chatham Electronics Corp., 475 hk AE St., 
Neweork 2, N. J. 

Cinemo Television Lid., Worsley Bridge Rd., Lon- 
don, S. E. 26, Engla 

Electric & Musical Industries, 
sex, England 

Electro seg Labs., Inc., 
Chicago im. 

Electronic Coateat Corp., 1573 E. Forest St., 
, Mich. 

Electronic Measurements Co., 
Maple Ave., Eatontown, N. 

FURST ELECTRONICS, 3322A w. 
Chicago 25, Ill. ADV. PG. 110 

Highland Engineering Co., Moin St. 
Westbury, N. 

Industrial Science “Associates, 542 Fifth Ave., New 
York 19, N. Y. 

Inet, 8655 S. Main St., Los Angeles 3, Calif. 

KEPCO LABS., b 131-38 Sanford Ave., Flush- 
ing, LN. Y. . PGS. 10, 


Mell 


itd., Hayes, Middle- 


4501 N. Ravenswood, 
Detroit 
inc., Lewis St. & 
lowrence Ave., 


& Urban Ave., 





Controls Co., 2920 N. 4th St., Philod 
Pa. 

Ford Instrument Co., 
Island City, N. Y. 

Foxboro Co., 38 Neponset Ave., 

leeds & Northrup Co., 4970 Stenton Ave., 
delphio 44, Pa. 

Minnecpolis-Honeywell Regulator Co., 2753 Fourth 
Ave. S., Minneapolis, Minn. 

MINNEAPOLIS- HONEYWELL REGULATOR CO., Wayne 
& Roberts Aves., Philadelphia 44, Pa. ADV. PG. 
29 


31-10 Thomson Ave., Long 
Foxboro, Mass 
Phila- 


Photocon Reseorch Products, 421 N. Foothill Bivd., 
Pasadeno 7, Colif. 


Streeter-Amet Co., 4101 Ravenswood Ave., Chicago 
Instrument Co., 


13, WI 

Thwing-Albert & Pulaski 
Ave., Philadeiphio 44, Po 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
Frelinghuysen Ave., Newark 5, N. J. ADV. 
PG. 102 


Penn St. 


Wheelco instrument Co., 847 W. Harrison S?., 


Chicago 7, Il. 


RECORDERS—Telemetering 


Air Associates, Inc., Teterboro, N. J. 

Anelex Corp., Concord, N 

Applied Science Corp. of Princeton, P. O. Box 44, 
Princeton, N. J. 

ATOMIC INSTRUMENT CO., 84 Massachusetts Ave., 
Combridge 39, Mass. ADV. PG. 23 

489 Fifth Ave., New York 17, N. Y. 

133 W. 14th St., New York 


Atomlab, Inc., 

Audio Instrument Co., 
11, N. Y¥. 

Avion Instrument Corp., Paramus, N. 

Builders-Providence, Inc., P. O. Box ‘32, Provi- 
dence 1, R. 1. 

Cinema- Television itd., Worsley Bridge Rd., 
don, S. E. 26, England 

Electrodyne Co., 32 Oliver St., Boston, Moss. 

El-Tronics, Inc., 2649 N. Howard St., Philadel- 
phia 33, Pa. 


Lon- 


ag Y. 

Mercury qieonente ™~ Box iio” Red Bank, N. J. 

Mullard Overseas Ltd., Century House, Shaftesbury 
Ave., London W. c 2, England 

Picker X-Ray Corp., 25 S$. Broadway, White Picins, 
N. Y. 

—E Mfg. Co., Equipment Sales Div., Waltham 

Moss 

siketioen Mfg. Corp., 8538 Warner Drive, Culver 
City, Calif. 

SORENSEN & CO., INC., 375 Fairfield Ave., 
Stamford, Conn. ADV. PG. 125 

Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 

Sylvania Electric 
New York 19, N. 

Tr. t. G. Electric in: 31 W. 27th St., 


. nme Inc., 1740 Broadway, 


New York 
Ther Diocese & Machine Works, 15 S. Jefferson St., 


Varo Mfg. Co., Inc., Box 638, Garland, Texas 
Weltronic Co., 19500 W. Eight Mile Rd., Detroit 19, 


Mich. 
Western Sound & Peat labs., Inc., 805 S. 


St., Milwaukee 4, 
Weston Laboratories, ‘Wocee 93, Mass. 


RECTIFIERS—Metallic 


Allied Radio Corp., 833 W. Jackson Bivd., Chicago 


Fifth 


Americon Communications Corp., 
New York 7, N. Y. 

Berkshire Laboratories, 588 Beaver Pond Rd., Lin- 
colin, Mass. 

Bogue Electric Mfg. Co., 
, N. 


— Bailwoy a neag mand Div. 


306 Broadway, 


Paterson 
of a4 Electric 


52 lowa Ave., 


Chicago 6, 
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Telephone by Radio Corp., 100 Kingsland 
Div., El . 





Park, Syracuse, N. Y. 
8655 S. Main St., Los Angeles 3, Calif. 
.. 1521 E, Grand Ave., 
El Segundo, Calif. 
Linick meee Co., ; 59 E. Madison St., Chicage 3, 
Ww 





Corp. 
— Corp., or fon Dies Brooklyn 
25, 
hen tg 71 by New York 7, N. Y. 
Polytechnic Research & Development Ce., 55 John- 
son St., Brooklyn 1, N. Y. 
Sarkes Tarzian, inc., Rectifier Div., 
Ave., Bloomington, ind. 
Squore Root Mfg. Corp. , 391 Sow Mill River Rd., 
Yonkers, N. Y. 
Syntron Corp., 355 Lexington, Homer City, Po. 
Ther Electric & Machine Works, 15 S. Jefferson St., 


Chicago 6, Ii. 
United Chromium, tnc., 100 E. 42nd St., 


415 N. College 


New York, 

Vickers Electric Division, Vickers, Inc., 1815 Locust 
St., St. Lovis, Mo. 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Po. 


REFERENCE SOURCES & STANDARDS 
Radioactive 
ATOMIC ENERGY OF CANADA, LTD., Commerciol 


Products Div., P. O. Box 93, Ottewe, Onterio, 
Canada. ADV. PG. 18 

ATOMIC INSTRUMENT CO., 84 Massachusetts Ave., 
Cambridge 39, Mass. ADY. PG. 23 

Atomlab, inc., 489 Fifth Ave., New York 17, N. Y. 

El-Tronics, tne. 2649 N. Howard St., Philedel- 
phie 33, 

Finkle, aa D., 2633 Santa Monica Bivd., 
Sento Monica, Calif. 

ISOTOPE SPECIALTIES = be, Ae San Fernando 
Rd., if. 

R-C SCIENTIFIC INSTRUMENT co, 335 Culver 
Bivd., Playa Del Rey, Calif. ADV. PG. 129 
— Aw ical Co., 161 E. 42nd St., New York 
TECHNICAL OPERATIONS, we “ appowter Court, 

Arlington 74, Moss. ADV. 
+ a 130 High Pg ‘euaee 10, Mass. 
ADV. PG. 
Twentieth Seated Electronics, Ltd., Dunbar Works, 
Dunbar St., West Norwood, London, §. E. 27, 
England 
U. S. ten Corp., 535 Pearl St., New York 7, 
N. Y. 


REFRACTOMETERS 
American Optical Co., Instrument Div., Buffalo 15, 
N. Y. 
lemb Optical Co., 630 St. Paul St., 
Rochester 2, N. Y 
Fisher Scientific Co., 709 Forbes St., 
Pa. 
Goertner Scientific Corp., 


Chicago, Hil. 

Jarrell-Ash Co., 165 Newberry St., Boston 16, Moss. 

Phoenix Precision Instrument Co., 3803-05 North 
5th St., Philadelphia, Pa. 

Precision Scientific Co., 3737 W. Cortland St., 
Chicago 47, ili. 


REFRIGERATION EQUIPMENT 


Alco Valve Co., 865 Kingsland Ave., St. 
Mo. 

ae ig 4 PRODUCTS, INC., 209 25th St., Brooklyn 
32, Y. ADV. PG. 112 

Bowser i & Refrigeration Div., Bowser, Inc., 
Terryville, “Ee 

Carrier Corp., . Geddes St., 

Cutler-Hammer =a "412 N. 12th St. Milwaukee 1, 
Wis. 

General Electric Co., Alr © Seemed Div., § 
Lowrence St., Bloomfield, N. 

Harris, inc., Machine Works, a S. &. Yombili, 
, Portland, Ore. 

Regu! Co., 2753 Fourth 

Ave. S., pao tr Minn. 

SCIENTIFIC SPECIALTIES CORP., Snow & Union 

ADV. PG. 122 


Pittsburgh 19, 
1237 Wrightwood Ave., 


lovis 5, 


Syracuse 1, N. Y. 





Mich. 
— Engineering, Inc., 26 Avenve 8, Newark 5, 
N. 


Trane Ya la Crosse, 

United Stales Air Ceditontag Corp., Come Ave. 
SE, at 33rd, Minneapolis 14, Minn. 

Westinghowre Electric Corp., P. O. Box 868, Pitts- 
burgh 30, 

Worthington , 426 Worthington Ave., Harri- 
son, N. J. 

York Corp., York, Pa. 
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REGISTERS 





REGISTERS 


ATOMIC INSTRUMENT CO., 84 Massachusetts Ave., 
Cambridge 39, Mass. ‘ADV. PG. 23 

Cyclotron Specialties Co., Moraga 8, Calif. 

Emerson-Sack-Warner Corp., 150 Dorchester Ave., 
South Boston 23, Mass. 

Minneapolis-Honeywell Regulator Co., 2753 Fourth 
Ave. S., Minneapolis, Minn. 
North American Philips Co., Inc., 

New York 17, N. Y. 
Production Instrument Co., 710 W. Jackson Bivd., 
Chicago 6, II! 
Streeter-Amet Co., 


100 E. 42nd St., 
4101 Ravenswood Ave., Chicago 


REGULATORS—Voltage 


Acme Electric Corp., 31 Water St., 
Acme Electronics, Inc., 300 N. Loke Ave., 
4, Calif. 
Air Associates, 
Allied Radio Corp., 833 W. 

7, m. 
Allis-Chaimers Mfg. Co., 
woukee 1, Wis. 
American Relay & Controls, Inc., 
Chicago 44, Ill. 
ANTON ELECTRONIC LABS., a 1226-38 Flush- 
ing Ave., Brooklyn 37, N. Y. ADV. PG. 136 
Avion Instrument Corp., BB N. J. 
Bogue Electric Mfg. Co., 52 lowa Ave., 
3, N. J. 

Chatham a 
Newark 2, N. 
Clark Controller ‘. 

10, Ohio 
Clarostot Mfg. Co., Inc., 
Eclipse-Pioneer Div., Bendix Aviation Corp., 

boro, N. J 
Electronic Measurements Co., 

Maple Ave., Eatontown, N. J. 
Ford wee - 31-10 Thomson Ave., 

Island City, 

FURST ELECTRONICS, 
Chicago 25, III. 
General Radio Co., 
bridge 39, Mass. 
Inet, Inc., 8655 S. Main St., Los Angeles 3, Collif. 
KEPCO LABS., INC., 131-38 Sanford Ave., Flush- 

ing, N. Y¥. ADV. PGS. 10, 11 
Mognetic Amplifiers, Inc., 632 Tinton Ave., 

York 55, N. Y. 

Mercury Electronic Co., Box 450, Red Bank, N. J. 
Ohmite Mfg. Co., 4835 W. Flournoy St., Chicago 

44, Wi. 

Pesche! Electronics, Inc., 

Rochelle, N 
Phipps & Bird, Inc., 

Va 
Phoenix Precision Instrument Co., 

St., Philadelphia, Pa 
Raytheon Mfg. Co., Equipment Sales Div., 

54, Mass 
Red Bank Division, 

town, N 
Rutherford Electronics Corp., 

Bivd., Culver City, Calif. 
Sola Electric Co., 4633 W. 

Wm 


Cuba, N. Y. 
Pasadena 


Inc., Teterboro, N. J. 
Jackson Bivd., Chicago 


935 S. 7Oth St., Mil- 


4901 Flournoy St., 


Paterson 


Corp., 475 Washington St., 


1146 E, 152nd St., Cleveland 
Dover, New Hampshire 
Teter- 


Inc., Lewis St. & 


Long 
3322A W. Lowrence Ave., 
- PG. 110 


275 Massachusetts Ave., Com- 
New 


13 Garden St., New 


303 S. 6th St., Richmond 5, 


3803-05 N. 5th 
Waltham 


Bendix Aviation Corp., Eaton- 


3707 S. Robertson 


16th St., Chicago 50, 

SORENSEN & CO., INC., 
ford, Conn ADV. PG. 

Square Root Mfg. Corp., 391 
Yonkers, N 

Superior Electric Co., The, 
Conn. 

Transformers Specialty Co., Bala-Cynwyd, Pa. 

Varo Mfg. Ce., Inc., Box 638, Garland, Texas 

Vickers Electric Division, Vickers, Inc., 1815 Locust 
St., St. Lovis, Mo. 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio ADV. PG. Inside Front 
Cover 

Weltronic Co., 
19, Mich. 

Westinghouse cease Corp., P. O. Box 868, Pith- 
burgh 30, P 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
Frelinghuysen Ave., Nework 5, N. J. ADV 
PG. 102 


RELAYS—Electric 


Allied Radio Corp., 833 W. Jackson Bivd., Chicago 
7, mm. 


375 Fairfield Ave., Stam- 
1 


Saw Mill River Rd., 


83 Laure! St., Bristol, 


19500 W. Eight Mile Rd., Detroit 


American Relay & Controls, Inc., 4901 Flournoy St., 
Chicago 44, It. 
Assembly Products, Inc., 
Automatic Temperature Control Co., Inc., 
laski Ave., Philadelphia 44, Poa. 
Clark Controlier Co., 1146 E. 152nd St., 
10, Ohio 
Cole arg Co., 1320 S. Grand Ave., Los An- 
getes 15, 
Cutler- haaner 
1, Wis. 
Federal Telephone & Radio Corp., 100 
Rd., Clifton, N. J. 


Chagrin Falls 6, Ohio 
5206 Pu- 


Cleveland 
412 N. 12th St., 


a Milwaukee 


Kingsland 


D-44 


GENERAL ELECTRIC . Apparatus Sales Div., 
Schenectady 5, N. Y. ADV. PGS. 2-5 

—-? Electric Co., 1625 W. Walnut St., 
12, 

Soliton ‘Swhtghboord & Supply Co., 79 W. Monroe, 
Chicago 3, Ill. 

Lumenite Electric Co., 407 $. Dearborn St., 


Chicago 


Chicago 
Mercoid Corp., 4201 Belmont Ave., Chicago 41, 
mW. 


iic.H. nu oe lot. 


Ave. &., Minneapolis, M Minn 
MINNEAPOLIS-HONEYWELL REGULATOR CO., Wayne 
& Roberts Aves., Philadelphia 44, Pa. ADV. PG. 


Co., 2753 Fourth 





Pasadena Ave., South Pasa- 


29 
Phaostron Co., 151 
dena, Calif. 


Precision Scientific Co., 3737 W. Cortland St., 
Chicago 47, Ill. 

Price Electric Corp., Frederick, Md. 

Red Bank + ‘aes Bendix Aviation Corp., 
town, N. J 

Sargent & Co. , E. H., 4647 W. Foster Ave., Chicago 
30, iM. 

Square Root a 
Yonkers, N. 

Struthers-Dunn, 
13, Pa. 

Sun Electric Corp., 6323 Avondale Ave., Chicago 
31, mM. 

Thermo instrument Co., 
Belmont, Calif. 

Varo Mfg. Co., Inc., 

Ward "4" Electric 
Vernon, N. 

WESTON tlecTRicat 
Frelinghuysen Ave., Newar 
102 


Corp., 391 Saw Mill River Rd., 


ina 150 N. 13th St., Philadelphia 


1265 Old County Rd., 


Box 638, Garland, Texas 
Co., 21 South St., Mt. 


INSTRUMENT i, 614 
k 5, N. J. Vv. PG. 


RELAYS—Sensitive 

— ane Corp., 833 W. Jackson Bivd., Chicago 
7, 

Pac. d Instrument Co., , 8030 Georgic Ave., 
Silver Spring, Md. 

American Relay & Controls, Inc., 
Chicago 44, Ill. 

Arrow-Hart & Hegeman Electric Co., 
St., Hartford, Conn. 

Automatic Temperature Control Co., Inc 
laski Ave., Philadelphia 44, Pa. 

Biddle Co., James G., 1316 Arch St., 


4901 Flournoy St., 
103 Hawthorne 
-» 5206 Pu- 
Philadelphia 


7, Pa. 

Central Scientific Co,, 1700 Irving Park Rd., Chi- 
cago 13, a" 

Chandler & Stedman, 398 Newton St., Waltham 54, 
M \ 

Cole Instrument Co., 1320 S$. Grand Ave., Los 
Angeles 15, Calif. 

Cutler-Hammer Inc., 412 N. 12th St., Milwaukee 

Thomas A., 

nee N. 4. 

Electric Design & Mfg. Corp., 

Electronic Control Corp., 1573 E. Forest St., 
7, Mich. 

Guardian Electric Co., 1625 W. Walnut St., 
12, 1 

Lumenite Electric Co., 407 S. Dearborn St., 
5, tl. 

Manning, Maxwell & Moore, 

Mi lis-H Pg oes | 


Instrument Div., West 


Burlington, lowa 
Detroit 


Chicago 
Chicago 


Inc., Stratford, Conn. 
Co., 2753 Fourth 





Ave. S. > . 
Photobell Co., 116 Nassau St., New York 7, N. Y. 
Precision Scientific Co., 3737 W. Cortland St., Chi- 
cago 47, Ill. 
Price Electric Corp., Frederick, Md. 
ee Ly Co., E. H., 4647 W. Foster Ave., Chicago 


30, 
Sola a Co., 4633 W. 16th St., Chicago 50, 
mW. 


Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. 
Struthers-Dunn, Ine. -, 150 N. 


13th St., Philadelphia 


Pa. 
Ward Leonard Electric South St., Mt. 
Vernon, 


¥. 
a a _— Corp., P. O. Box 868, Pitts- 
burgh 30, 
INSTRUMENT Fay 614 
4. iV. PG. 


Co., 21 


WESTON ELECTRICAL 
—_— Ave., Newark 5, N. 
102 


RELAYS—Thermal Delay 


Allied Radio Corp., 833 W. Jackson Bivd., Chicago 


Automatic Temperature Control i Inc., 5206 Pu- 
laski Ave., Philadelphia 44, 

Cutler- Hammer inc., 412 N. 
1, 


12th St., Milwaukee 


Thomas A., West 
“Instrument Corp., Box 


116 Nassau St., New York 7, N. Y. 
1000 Eighth Ave., Bethlehem, 


Instrument Div., 

ng 
Scientific 1166, E! 
Cajon, Calif. 

Photobel!l Co., 

Roller-Smith Corp., 
Pa. 


1952-1953 DIRECTORY of 


Square Root Mfg. Corp., 391 Sow Mill River Rd., 
Yonkers, N. Y. 
Struthers-Dunn, Inc., 


7, Pa. 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio. ADV. PG. Inside Front 
Cover 


REMOTE HANDLING DEVICES 


eee. RESEARCH LABS., GENERAL aoe. 
INC., 2010 Ave., 13, 

ADV. ¥c. 99 

Air A Lents ¥, Ay 

ATOMIC cnenGY “OF CANADA, Nin., Commercial 
Products Div., P. O. Box 93, Ottewa, Ontario, 
Canede. ADV. PG. 18 

Atomlab, Inc., 489 Fifth Ave., New York 17, N. Y. 

Austin Co., Special Devices Div., 76 Ninth Ave., 
New York 11, N. Y. 

CENTRAL RESEARCH |? INC., Red 
Wing, Minn. ADV. PG. 118 

Collins Radio Co., Cedar Ropide, lowa 

Conoflow Corp., 2100 Arch St., Philadelphia 3, Pa. 

Elm Laboratories, 18 South Broadway, Dobbs Ferry, 
a. ¥. 

El-Tronics, Inc., 
phia 33, le 

Falk & Co., Ltd., M., 5 Victoria St., 
1, England 

Ford Instrument oe 
Island City, N 

Gale Dorothea Mechoniams, Inc., 
Elmhurst, N. 

Kupfrian Mfg. Ce., 
ton, N. Y. 

Magnetic Amplifiers, 
York 55, N. Y. 

“Manning, Maxwell & Moore, inc., Stratford, Conn. 

NUCLEAR RESEARCH & DEVELOPMENT INC., 104 
Sutter Ave., St. Lovis, Mo. ADV. PG. 103 

Radiation Counter Labs., Inc., 1844 W. 21st St., 
Chicago 8, III. 

Radioisotope Application Co., 
Berkeley 3, Calif 

a Chemical Co., 161 E. 42nd St., 
1 

Reeves inctrument Corp., 
York 28, N. Y. 

—— = Inc., 1417 Solano Ave., 


150 N. 13th St., Philadelphia 





Minn. 





2649 N. Howord St., Philadel- 


London, S. W. 


31-10 Thomson Ave., Long 


81-01 Broadway, 


139 Prospect Ave., Bingham- 


inc., 632 Tinton Ave., New 


1843 University Ave., 
New York 


215 E. Mist St., New 


Albany, 


Calif. 

ee ee P 
Westbury, N. 

Square _ ter See "391 Sew Mill River Rd., 
Yonkers, N. 

TECHNICAL OPERATIONS, INC., 
Arlington 74, Mass. ADV. PG 

Telectro Industries Corp., 35-18 37th St., 
Island City 1, Y 

TRACERLAB, INC., 
ADV. PG. 24 


Post & Stewurt Aves., 
PG. 109 


6 Schouler Court, 
. 128 
Long 


"130 High St., Boston 10, Mass. 


RESISTORS 

NOTE: Various types of resistors are not in- 
dicated in this listing. Contact manufacturer 
for specific type(s) desired. 


Acme Electric Heating Co., Inc., 
St., Boston, Mass. 
Aerovox Corp., 740 Belleville Ave., 


1205 Washington 

New Bedford, 
3s. 

Allen-Bradley - . 


waukee 4, 
Allied Radio ea , 833 W. Jackson Bivd., 


136 W. Greenfield Ave., Mil- 
Chicago 


Assembly Products, Inc., Chagrin Falls 6, Ohio 

Bird Electronic Corp., 1800 E. 38th St., Cleveland 
14, Ohio 

Bond Electronics Corp., 60 Springfield Ave., Spring- 
field, N. J. 

Borg Corp., George W., 
Janesville, Wis. 

Brown Electro-Measurement Corp., 4637 SE Haw- 
thorne Bivd., Portland 15, Ore. 

Carboloy Department of General Electric Co., 
East Eight Mile Bivd., Detroit 32, Mich. 

—aroe Co., 


Borg Equipment Div., 


11139 


Globar Div., Niagara Fails, 
ons . a 119 Brointree St., Allston 34, Mass. 
Cinema Engineering Co., 1510 W. Verdugo Ave., 
Burbank, Calif. 
Clark Controller Co., 
10, 
Clarostat iMfa. Ce., Inc., Dover, 
Cole instrument Co., 1320 
Angeles 15, Colif. 
Cutler-Hammer, inc., 
1, Wis. 
Daven Co., 
Edcliff Instruments, 
dena, Calif. 
Electro-Mec Loboratory, 19 Murray St., New York 
Y. 


Erie Resistor Corp., 644 W. 12th St., Erie, Pa. 

GENERAL ELECTRIC CO., Apparatus Sales Div., 
Schenectady 5, N. Y. ‘ADV. PGS. 2-5 

General Radio Co., 275 Massachusetts Ave., Cam- 
bridge 39, Mass. 


1146 E. 152nd St., Cleveland 
New Hompshire 
S. Grand Ave., Los 
412 N. 12th St., Milwaukee 
191 Central Ave., Newark 4, N. J. 

850 S. Fair Oaks Ave., Pasa- 
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NUCLEAR AND ALLIED PRODUCTS 


Giannini & Co., G. M., 
Pasadena 1, Calif. 
Hallett Mfg. Co., 1601 

Calif. 
as 1 Se Hindle, 
J. 


254 W. Colorado St., 
Inglewood, 
Inc., 40 Hermon St., Newark 5, 


Florence Ave., 


HELIPOT corP., 
dena, Colif 

Hi-Q Division, 
N. Y. 


916 Meridian Ave., South Paso- 
ADV. PG. 27 
Aerovex Corp., Seneca Ave., Olean, 
, 11423 Vanowen St., North Holly- 


19th & ! 


SCREENS 





Squere Root Mfg. Corp., 391 Sow Mill River Rd., 
Yonkers, N. Y. 

Stackpole Carbon Co., St. Mary's, Pa. 

Sticht, inc., Herman H., 27 Park Place, New York 
, WN. Y. 

Tech Laboratories, Bergen & Edsol! Bivds., 
Palisades Park, N. 

Vulcan Electric Co., a8 Holten St., 

Ward leonard Electric Co., 21 
Vernon, N. Y. 

Welch Scientific Co., W. M., 
Chicago 10, Ill. 
Vestingh Electric Corp., P. O. Box 868, Pitts- 


inc., 


Danvers, Mass. 
Sovth St., Mt. 


1515 Sedgwick St., 





1-T-E Circuit Breaker Co., Sts., 
Philadelphia 30, Pa. 
Instrument Resistors Co., 1036 Commerce Ave., 

Union, N. J 

INTERNATIONAL RESISTANCE CO., 401 N. Brood 
St., Philadelphia 8, Pa. ADV. PG. 21 

Keystone Carbon Co., Inc., Saint Marys, Pa. 

Lectrohm, inc., 5561 Northwest Highway, Chicago 
30, I 

Maliory & Co., Inc., P. R., 
St., Indianapolis 6, Ind. 

Measurement Engineering Ltd., Ontario, 
Canada 

Mepco Inc., 35-37 Abbett Ave., Morristown, N. J. 

Micro-Circuits Co., New Buffalo, Mich. 

Muirhead & Co., Ltd., Beckenham, Kent, England 

Ohmite Mfg. Co., 4835 W. Flournoy St., Chicege 
44, 

Phaostron Co., 
Calif. 

Polytechnic Research & Development Co., 
son St., Brooklyn 1, N. Y. 

RESISTANCE PRODUCTS co., 
burg 2, Pe. ADV : 12 

Resistors, Inc., 5226 W. 26th St. 

ROCKBAR CORP., 
N. Y. 


3029 E. Washington 


Arnprior, 


151 Pasadena Ave., South Pasadena, 
55 John- 
714 Race St., Harris- 
4 Chicago 50, til. 


211 E. 37th St., New York 16, 
ADV. PG. 129 


Rubicon Co., Ridge Ave. at 35th St., Philadelphio _ 


, Pa. 
Shalicross Mfg., Co., 10 Jackson Ave., Collingdale, 
Pa. 
Speer Resistor Corp., St. Marys, Po. 
Sprague Electric Co., North Adams, Mass. 
Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 
Stackpole Carbon Co., St. 
Supreme, inc., 
Tech 


Marys, Pa. 

Greenwood, Miss. 

Laboratories, Inc., Bergen & Edsall Bivds., 

Palisodes Pork, N. J. 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio ADV. PG. Inside Front 
Cover 

Word lLeonord Electric Co., 21 
Vernon, N ° 

Western Radiation Lab., 
Angeles 27, Calif. 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Poa. 

White Dental 7.7 a $. $., 
New York 16, 

Wilkor Division, 
Cleveland 13, 

Winslow Co., Inc. 

Wirt Co., 


South St., Mt. 
1107 W. 24th St., Los 


10 East 40th St., 
Aerovex Corp., 2882 Detroit Ave., 


x Liberty St., 
5221 Greene St., 


RHEOSTATS 


Allen-Bradley Co., 
waukee 4, Wis 
Allied Radio Corp., 

7, 
Bi ddle Co ° 
7, Pa 


Nework, N. J. 
Philadelphia 44, Pa. 


136 W. Greenfield Ave., Mil- 
833 W. Jackson Bivd., Chicago 
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Taco West Corp., 525 N. Noble St., Chicago 22, Ili. 

Thwing-Albert Instrument Co., Penn St. & Pulas' 
Ave., Philadelphia 44, Pa. 

Western Gold & Platinum Works, 589 Bryant St., 
San Francisco, Calif. 

WESTON ELECTRICAL INSTRUMENT CORP., 614 
Frelinghuysen Ave., Newark 5, N. J. ADV. PG. 
102 


12 Winchester St., 


Wheelco Instruments 
Chicago 7, Il. 
Winslow Co., Inc., 9 Liberty St., 


Co., 847 W. Harrison St., 
Newark, N. J. 


TIMERS 





THERMOMETERS—Laboratory 

American Mange Co., Inc., 8030 Georgia Ave., 
Silver Spring, Md 

Eimer & Amend Div. of Fisher rrr Co., 635 
Greenwich St., New York, N. 

Fisher Scientific Co., 709 nrhes Ave., Pittsburgh 
19, 


— Chemical Corp., 1085 Myrtle Ave., Brook- 
Y. 


yn 

Kahl Selenite Instrument Corp., Box 1166, El Ca- 
jon, Calif. 

Manning, Maxwell & Moore, Inc., Stratford, Conn. 

Miller & _—— inc., 71-14 Myrtle Ave., Glen- 
dale 27, N. 

Moeller 43 ~ 
Richmond Hill 18, 
Nurnberg Kevche Fan Co., 

&., 6 owe 2, N. 


132nd St. & 89th Ave., 
Y. 


inc., 124 Livingston 


Partlow Corp., The, 2 Campion Rd., New Hartford, 
N. ¥. 

Phipps & Bird, inc., 303 S. 6th St., Richmond 5, 
Ve. 

Photoswitch, Inc., 77 —— Cambridge, Moss. 

RADIOACTIVE PRODUCTS, “> » 443 Ww. gress 
St., _ Detroit, Mich. _ ADy. ‘8 

Radi Co., ress Uni 
are ee 3, Calif 

Scientific Services, inc., 1417 Solano Ave., 


Calif. 
Tech Laboratories, Inc., Bergen & Edsall Bivds., 
35-18 37th St., 





ity Ave., 
Albany, 
Palisodes Park, N. J. 

Telectro a Corp., 
island City 1, N. Y. 

a wWe. 130 High St., Boston 10, Mass. 
ADV. 

Weltronic 4% * 19300 W. Eight Mile Rd., Detroit 

Electric Corp., P. O. Box 868, Pitts- 


Long 


aM Mich. 





Y. 
inc., 107-20 01st Ave., Rich d 
ta inc., 100 Lakewood 





oa Bloomfield, N. 
Special —— Products te, 2 W. 33rd St., New 
York, 
Taylor hat Companies, 95 Ames St., Roches- 
¥. 


Thwing- Albert Instrument Co., Penn St. & Pulaski 
Ave., Philadelphia 44, Pa. 

Trans-Sonics, Inc., Bedford Airport, Bedford, Mass. 

Weksler ay Corp., Martinique Bidg., 49 
W. 32nd New York 1, N. Y. 

WESTON € TLeciMCAL INSTRUMENT CORP., = Fre- 
linghuysen Ave., Nework 5, N. J. PG. 
102 

Yonkers omy Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


TILE—Asphalt 


Armstrong Cork Co., 1010 Concord St., Lancaster, 
P 


a. 
Beck & Sons, Inc., 355 E. 20th St., New York 3, 
Y 


N. Y. 
Flintkote Co., 30 Rockefeller Plaza, New York 30, 
N. Y. 


Hachmeister, Inc., P. O. Box 357, Pittsburgh 30, 
Pa. 


Johns- Manville, 22 E. 40th St., New York 16, N. Y. 
Mastic Tile Corp. of America, Newburgh, N. Y. 
TILE—Ceramic 

See Flooring, Acid-proof. 
TILE—Plastic 


Hachmeister, Inc., P. O. Box 357, Pittsburgh 30, 
Pi 


‘a. 
— Tile Corp. of America, Newburgh, N. Y. 


— Bs 602 N. 10 St., Camden, N. J. 
+ ow. PG. 


TILE—Rubber ! 

Armstrong Cork Co., 1010 Concord St., 

Beck & Sons, Inc., 355 E. 20th St., New York 3, 
N 


Lancaster, 


» Ve 
Goodyeor Tire & Rubber Co., Akron, Ohio 


TIMERS—Automatic Reset 


Allen-Bradley Co., 136 W. Greenfield Ave., Mil- 
waukee 4, Wis. 

Automatic Temperature Contro! Co., Inc., 
Pulaski Ave., Philadelphic 44, Pa. 

BAR-RAY + Brooklyn 
32, N. Y. 

Bristol Co., Conn 

Cinema Television Utd., Worsley Bridge Rd., 
don, 26, England 

Colloid Eavinment Co., Inc., 50 Church St., New 

Va 


York 7, N. 
Cramer Co., R. W., Box 13, Centerbrook, 


5206 


Lon- 


Inc., 


Conn. 
Douglas Radio Labs., 176 Norfolk Ave., Boston 19, 
Mass. 

Electric Hotpack Co., 
Philadelphia, Pa. 
El-Tronics, ioe 2649 N. Howard St., 

phia 33, 

Ford ¥ ALD >. 
Island City, N. Y¥ 
Gale Dorothea Mechanisms, inc., 81-01 Broadway, 

Elmhurst, N. Y. 
Gaveco lLabs., inc., 2 East End Ave., New York 
21, N. Y. 
General Controls Co., Glendale 1, Calif. 
GENERAL ELECTRIC CO., Apparatus Soles 
Schenectady 5, N. Y. ADV. PGS, 2-5 
Guardion Electric Co., 1625 W. Walnut St., 
12, WM. 
Haydon Mfg. Co., Inc., 584 Elm St., 
nn. 
Liebel-Florsheim Co., The, Cincinnati 15, Ohio 
Lumenite Electric Co., 407 $. Dearborn St., Chicago 


inc., 5035 Cottman Ave., 
Philadel- 
31-10 Thomson Ave., Long 


Div., 
Chicago 


Torrington, 


5, mW. 
Paragon Electric Company, Two Rivers, Wisconsin 
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burgh 30, Pa. 
Wilson & Co., 6. C., 2 N. Passaic Ave., Chathom, 


» 4. 
Vookers laboratory Supply Co., Palisade Ave., 
Yonkers 2, N. Y. 


TIMERS—Electric 


Allen-Bradley Co., 136 W. Greenfield Ave., Mil- 
waukee 4, Wis. 

Atomlab, Inc., 489 Fifth Ave., New York 17, N. Y. 

Automatic Temperature Control! Co., Inc., 5206 Pu- 
laski Ave., Philadelphia 44, Po. 

BAR-RAY PRODUCTS, aes 209 25th St., Brooklyn 
32, N. Y. ADV. PG. 112 

Bristo! Co., The, Sieebury 20, Com 

Central Scientific Co., 1700 Irving Pork Rd., Chicago 
13, M1. 

Cinema-Television Ltd., Worsley Bridge Rd., Lon- 
don S. E. 26, England 

Clark Controlier Co., 1146 E. 152nd St., 


10, Ohio 
Colloid Equipment Co., Inc., 50 Church St., New 
Y. 


York 7, N. 
Henry G. Deitz Co., 


Cleveland 


Coral Designs Div., 
toric Bivd., Long Island City 2, N. Y 

Cramer Co., Inc., R. W., Box 13, Centerbrook, 
Conn. 

Cutler-Hommer Inc., 412 N. 12th St., Milwaukee 1, 
Wis. 


56 Elmwood St., Newton, Moss. 
5035 Cottman Ave., 


Doelcam Corp., 

Electric Hotpack ie inc., 
Philadelphia, Pa. 

Eisler Engineering Co., 760 S. 
N 


13th St., Newark 3, 


Ford we pny A ig 31-10 Thomson Ave., Long 
Island City, N. 

Gale Dorothea NER Inc., 81-01 Broedway, 
Elmhurst, N. Y. 

Genera! Controi Company, 1200 Soldiers Field Rd., 
Boston 34, Mass. 

General Controls Co., Glendale, Calif. 

, Apparatus Sales Div., 
Vv. S. 2-5 


Haworth, N. J. 
Guardian Electric “Co. -, 1625 W. Walnut St., 
12, WW. 
Haydon Mfg. Co., Inc., 584 Elm St., Torrington, 
Co 


nn. 
Liebel-Flarsheim Co., The, Cincinnati 15, Ohio 
Lumenite Electric Co., 407 S$. Dearborn St., Chicage 


5, i. 
Mallory & Co., Inc., P. R., 3029 E. Washington St., 
Co., 2753 Fourth 


"Indianapolis 6, Ind. 
ICAL CORP., 223 
ADV. PG. Bock 


Chicago 





Ave. 5S., Minneapolis, 
NUCLEAR f 
W. Erie St., 
Cover 
Pacific Division, Bendix Aviation Corp., 
Sherman Way, North Hollywood, Calif. 
Paragon Electric Co., Two Rivers, Wisconsin 
Phipps & Bird, Inc., 303 S$. 6th St., Richmond 5, 


Va. 

ee Pe Corp., 25 $. Broadway, White Plains, 
N.Y. 

Precisiod Scientific Co., 3737 W. Cortland St., 
Chicage 47, til. 

RADIOACTIVE ay 443 W. Congress 
St., 8 

Radioisotope ‘Application Co., 

Berkeley 


Chicago 10, Ill. 
11600 


PRODUCTS, 
Detroit, Mich. ADV. 
rea University Ave., 

, Calif. 
1 Enel ; 1 Riversid 


geles 39, Calif. 

Rhodes Inc., M. H. 30 Bartholomew Ave., Hortford, 
Conn. 

Sangamo Electric Co., Springfield, I. 

Scientific Service, Inc., 1417 Solano Ave., Albany, 
Calif 


Stondord Electric Time Co., 89 Logon St., Spring- 
id, ‘ 

Struthers-Dunn, Inc., 150 N. 13th St., Philadelphia 
35-18 37th St., 


Mount Vernon, N. Y. 
130 High St., Boston 10, Moss. 


Drive, Los An- 





a. 
Telectro or ge? Corp., Long 
Island City 1, N. Y. 

Tork Clock Co., 
TRACERLAB, ‘ne. 
ADV. PG. 24 


‘Dp-49 





12-16 As- | 





TIMERS 





Universa) X-Ray Products, Inc., 
., Chicago 22, Ill. 
Weltronic Co., 19500 W. Eight Mile Rd., 
Mich. 

Westinghouse Electric Corp., P. O. Box 868, Pitts- 
burgh 30, Pa. 

Whittington Pump & Engineering Corp., 1126 Pros- 
pect St., Indianapolis 3, Ind. 

Yonkers Laboratory Supply Co., 
Yonkers 2, N. Y. 


1140 N. Western 


Detroit 19, 


70 Palisade Ave., 


TIMERS—Electronic 


Airmec Laborotories, Lid., 
inghomshire, England 
Allen-Bradley Co., 136 W. Greenfield Ave., Mil- 
waukee 4, Wis 
American Chronoscope Corp., 

Mount Vernon, N. Y. 
American Electronic Laboratories, 
St., Philadelphia 6, Pa 
Atomiab, Inc., 489 Fifth Ave., New York 17, N. Y. 
Avtomotic Temperature Contro! Co., Inc., 5206 Pu- 
laski Ave., Philadelphia 44, Pa 
Baldwin instrument Co., Ltd., Brooklands 
Dartford, Kent, England 
Berkeley Scientific Div. of Beckman 
2200 Wright Ave., Richmond, Calif 
Bristol Co., The, Waterbury 20, Conn. 
Cinema-Television Ltd., Worsley Bridge Rd., Lon- 
don, S. E. 26, England 
Clark Controller Co., 1146 E 


High Wycombe, Buck- 


316 W. First St., 


Inc., 641 Arch 


Works, 


Instruments, 


152nd St., Cleveland 
0, jo 

COLE, LTD., E. K., 
Wiltshire, England. 

Colloid Equipment Co., 
York 7, N 

Coral Designs Div., Henry G. Deitz Se 
Astoria Bivd., Long island City 2, N 

Cutler-Hammer, Inc., 412 N. 12th St., uitwosten 1, 
Wis. 

Detectron Co., 
wood, Calif 

Eisler — ineering Co., 
N. 


Electronics Div., 
ADV. PG. 28 
Inc., 50 Church St., 


Malmesbury, 
New 
12-16 
5631 Cohvenga Bivd., North Holly- 


760 S. 13th St., Newark 3, 

Etech Hotpack Co., Inc., 
Philadelphia, Pa. 

Electro-Physics Co., 
N. Y 


5035 Cottman Ave., 


287 Broodwoy, New York 7, 
Electrodyne Co., 32 Oliver St., Boston, Mass. 
Electronic Control Corp., 1573 E. Forest St., Detroit 
7, Mich, 
El-Tronics, Inc., 
phia 33, Pa 
Ford Instrument Co., 
Island City, N. Y. 
Genera! Contro! Company, 
Boston 34, Mass 
Guardian Electric Co., 
12, tt. 
Hewlett-Packard Co 
Calif. 
Industrial Science Associctes, 
York 19, N. Y. 
Leland Instruments Ltd., 
S. W. 1, England 
Lumenite Electric Co., 
. 
MICHEL MFG. CO., 227 N. Water St 
Wis. ADV. PG. 134 
Moulic Specialties Co., 
Bloomington, II! 
Pesche! Electronics, Inc., 
chelle, N. Y 
Phipps & Bird, Inc., 
Vv 


2649 WN. Howard St., Philadel- 


31-10 Thomson Ave., Long 


1200 Soldiers Field Rd., 


1625 W. Walnut St., Chicago 


, 395 Page Mill Rd., Palo Alto, 


542 Fifth Ave., New 


22-23 Millbank, London, 


407 S. Dearborn St., Chicago 


, Milwaukee 2, 
1005 W. Washington St?., 


13 Gorden St., New Ro- 


303 S. 6th St., Richmond 5, 


a. 
Photobell Company, 116 Nassau St., New York 7, 
N. Y. 

Photoswitch, Inc., 


Photovolt Corp., 
Y 


77 Broadway, Cambridge 
95 Madison Ave., 


Mass 

New York 16, 

Picker X-Ray Corp., 25 $. Broadway, White Plains, 

Y 

fetaes Instrument Co., 
Neck, N 

RADIATION INSTRUMENT DEVELOPMENT _. 
2337 W. 67th St., Chicago 36, Ill. ADV. 
Inside Back Cover 

RADIO CORP. OF AMERICA, RCA VICTOR DIV., 
ENGINEERING PRODUCTS DEPT., Front & Cooper 
Sts., Camden, N. J. ADV. PG. 13 

Raytheon Mfg. Co., Equipment Sales Div., Waltham 
54, Mass 

Ripley Co., Inc., 22 W. First St., Mt. Vernon, N. Y 

Rutherford Electronics Corp., 3707 S. Robertson 
Bivd., Culver City, Calif 

Square Root Mfg. Corp., 391 
Yonkers, N. Y. 

Stondard Electric Time Co 
field, Mass. 

Standard Electronics 
Ave., New York 21 

Sticht, Inc., Herman H., 
7,N.¥ 


115 Cutter Mill Rd., Great 


Saw Mill River Rd., 
, 89 Logan St., Spring- 
Research Corp., 2 East End 
a... ¥. 
27 Park Place, New York 
Technical Service 
Lovisville 5, Ky. 
Telechrome, inc., 
N. Y. 


Corp., 3116 Michigan Drive, 


88 Merrick Rood, Amityville, 


D-50 


Telectro ay ty Corp., 35-18 37th St., 
Island City 1, 

Vectron, inc., 400 Main St., 

Wolkirt Co., 145 W. Hazel, 

Weltronic Co., 19500 W. Eight Mile Rd., 
19, Mich. 

Whittington Pump & Engineering Corp., 
Prospect St., Indianapolis 3, ind. 

Wilson & Co., G. C., 2 N. Passaic Ave., Chatham, 
N. J. 


Long 


Waltham 54, Mass. 
Inglewood, Calif. 
Detroit 


1126 


TIMERS—Precision 


American Chronoscope Corp., 
Mount Vernon, N. Y. 

Austin Co., Special Devices Div., 
New York 11, N. Y. 

Automatic Temperature Control! Co., Inc., 5206 Pu- 
laski Ave., Philadelphia 44, Pa. 

Borg Corp., George W., Borg Equipment Div., 
Janesville, Wis. 
Bristol! Co., The, Waterbury 20, Conn. 
Cinema-Television Ltd., Worsley Bridge Rd., Lon- 
don, S. E. 26, England 
Colloid Equipment Co., Inc., 
York 7, N. Y. 
Cramer Co., Inc., 
‘onn. 

Cutler- ~ age Inc., 412 N. 
Se 

anes “Co. , 5631 Cahuenga Bivd., 
wood, Calif. 

Ford ee. Co., 
Island City, A 
Gale- ee Sodeatene. inc., 81-01 Broadway, 

Elmhurst, N. 
GENERAL ELECTRIC + ag Apparatus 
Schenectady 5, N. Y. ADV. PGS. 2- 
Guardian Electric Co., "1625 W. Walnut St., Chi- 
cago 12, Ill. 
Liebe!-Flarsheim Co., 
Lumenite Electric Co., 


316 W. First St., 


76 Ninth Ave., 


50 Church St., New 


R. W., Box 13, Centerbrook, 


12th St., Milwaukee 


North Holly- 


31-10 Thomson Ave., Long 


Sales Div., 


The, Cincinnati 15, Ohio 

407 $. Dearborn St., Chicago 
5, i 

Phipps & Bird, Inc., 303 S. 6th St., Richmond 5, 
Va. 

Photoswitch, Inc., 77 Broadway, Cambridge, Mass 

Picker X-Ray Corp., 25 S. Broadway, White Picins, 
N.Y 


Radioisotope Application Co., 
Berkeley 3, Calif. 

RADIO CORP. OF AMERICA, RCA VICTOR DIV., 
ENGINEERING PRODUCTS DEPT., Front & Cooper 
Sts., Camden, N. J. ADV. PG. 13 

Rutherford Electronics Corp., 3707 S. Robertson 
Bivd., Culver City, Calif. 

Scientific Service Inc., 1417 Solane Ave., Albany, 
Calif. 

Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 

Standard Electric Time Co., 89 Logan St., 
field, Mass. 

Tork Clock Co., Inc., 

TRACERLAB, INC., 
ADV. PG. 24 

Universal X-Ray Products, Inc., 1140 N. Western 
Ave., Chicago 22, III. 

Vectron, Inc., 400 Main St., Waltham 54, Ma 

Weltronic Co., 19500 W. Eight Mile Rd., 
19, Mich. 


TIMERS—Printing Interval 


Automatic Temperature Contro! Co., Inc., 
laski Ave., Philadelphia 44, Pa. 
Berkeley Scientific Div. of Beckman 
2200 Wright Ave., Richmond, Calif. 
Borg Corp., George W., Borg Equipment Div., 
Janesville, Wis. 
Colloid new Co., 

York 7, N. 
Douglas Radio ae , 176 Norfolk Ave., Boston 19, 


Mass 

GENERAL ELECTRIC CO., Apparatus 
Schenectady 5, N. Y. ADV. S. 2- 

Lumenite Electric Co., 407 $. Dearborn St., 


1843 University Ave., 


Spring- 


Mount Vernon, N. Y. 
130 High St., Boston 10, Mass. 


Detroit 


5206 Pu- 


Instruments, 


inc., 50 Church St., New 


Sales Div., 


Chicago 


5, Wh. 
— Corp., 95 Madison Ave., New York 16, 
Y. 


oumee Instrument Co., 115 Cutter Mill Rd., Great 
Neck, N. 

Special Instruments 4 sg 
land Ave., Knoxville, Ten 


Streeter-Amet Co., 4101 aavoaaed Ave., Chicago 


Inc., 1003 High- 


INC., 130 High St., Boston 10, Mass. 
PG. 24 


Vectron, Inc., 
Wilson & Co., 
N. J. 


400 Main St., Waltham 54, Mass. 
G. C., 2 N. Passaic Ave., Chatham, 


TITRATORS 


Central Scientific Co., 
cago 13, Ill. 

Consolidated Engineering Corp., 
Madre Villa, Pasadena 8, Calif. 

Fisher Scientific Co., 709 Forbes Ave., Pittsburgh 
19, 


1700 Irving Park Rd., Chi- 


306 N. Sierra 


” Eisler Engineering Co., 760 S$ 
J 


1952-1953 DIRECTORY of 


Precision Scientific Co., 
Chicago 47, III. 

Sargent & a " E. H., 4647 W. Foster Ave., Chi- 
cago 30, 

Scientific dense Apparatus Co., 
Terrace, Bloomfield, N. 

Yonkers rg ed Supply Co. 
Yonkers 2, N. 


3737 W. Cortland St., 


Inc., 100 Lakewood 
70 Palisade Ave., 


TRANSFORMERS—Constant Voltage 


31 Woter St., Cuba, N. Y. 
Fairfield Ave., Upper Darby, 


Acme Electric Corp., 

Airdesign inc., 24) 
Po. 

Airpax Products Co., Middle River, Baltimore 20, 
M 

Allied Radio Corp., 833 W. Jackson Bivd., Chicago 
7, Mm. 


Allis-Chalmers Mfg. Co., 
waukee 1, Wis. 
Atlas Coil Winders, 

Conn. 
Bogue Electric Mfg. Co., 52 lowa Ave., Paterson 
3, N. 4 


935 S$. 70th St., Mil- 


Inc., 392 State St., Stamford, 


Eisler Engineering Co., 760 S. 13th St., Nework 3, 
N. J. 

Electronic Transformer Co., 
New York, N. Y. 

General Controls Co., Glendale 1, Calif. 

Hevi Duty Electric Co., 4212 W. Highland Bivd., 
Milwaukee 1, Wis. 

Highland Engineering Co., 
Westbury, N. Y. 

Inet, Inc., 8655 S$. Main St., Los Angeles 3, Calif. 

K-V Transformer Corp., 20 E. Franklin St., Dan- 
bury, Conn. 

Kenyon ee Co., Inc 
York 59, N. Y. 

Langevin an Corp., 
23, N. Y. 


inc., 215 W. 25th St., 


Moin St. & Urban Ave., 


, 840 Barry St., New 


37 W. 65th St., New York 

Lavoie Laboratories, Morgonville, N. Jj. 

Magnetic Amplifiers, Inc., 632 Tinton Ave., 
York 55, N. Y. 

Magnetics, inc., Box 230-A, Butler, Po. 

Raytheon —_ Co., Equipment Soles Div., 
54, Ma 

Sola Electric Co., 4633 W. 
Ww. 

Specialties, inc., 
N 


New 


Waltham 


16th St., Chicago 50, 


Skunks Misery Road, Syosset, 

Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. 

Standard Transformer Corp., 3580 N. Elston Ave., 
Chicago 18, 

Thordarson- Meissner Mfg. Divs., Mt. 

United Transformer Co., 
13, N. Y. 

Vero Mfg. Co., Inc., Box 638, my Texos 

Westinghouse Erectric Corp., P. O. x 868, Pitts- 
burgh 30, 


Carmel, til. 
150 Varick St., New York 


TRANSFORMERS—Variable 


Acme Electric Corp., 31 Water St., Cuba, N. Y. 
— Radio Corp., 833 W. Jackson Bivd., Chicago 
mh. 
Allis- Chalmers Mfg. Co., 935 S. 70th St., Mil- 
waukee 1, Wis. 
Atlas Coil Winders, Inc., 


392 State St., Stamford, 


Conn. 
Bogue Electric Mfg. Co., 52 lowa Ave., Paterson 
Clarkston Corp., 
alif. 


11921 SW Pico Bivd., Los Angeles 


13th St., Newark 3, 


N. J. 

Epco Products, Inc., 2500 Atlantic Ave., Brooklyn 
7, N. Y. 

General Radio Co., 275 Massachusetts Ave., Cam- 
bridge 39, Mass. 

oot Transformer Co., 

Chicago, II!. 

ey pb Electric Co., 4212 W. Highland Bivd., 
Milwaukee 1, Wis. 

Highland Engineering Co., 
Westbury, N. Y. 

Inet, Inc., 8655 S. Main St., Los Angeles 3, Calif. 

K-V Transformer Corp., 20 E. Franklin St., Dan- 
bury, nn. 

Langevin Mfg. Corp., 
23, N. Y. 

Magnetics, Inc., Box 230-A, Butler, Pa. 

Raytheon Mfg. Co., Equipment Sales Div., 
54, Mass. 

Sierra Electronic Co., 

SORENSEN & CO., 
ford, Conn. 

Speciaities, inc., 
~ ¥. 


4500 N. Ravenswood 


Main St. & Urban Ave., 


37 W. 65th St., New York 


Waltham 


San Carlos, Calif. 

INC., 375 Fairfield Ave., Stam- 
ADV. PG. 125 

Skunks Misery Road, Syosset, 


Square Root Mfg. Corp., 391 Sow Mill River Rd., 
Yonkers, N. Y. 

Standard Transformer Corp., 3580 N. Elston Ave., 
Chicago 18, Ill. 

Superior Electric Co., 83 Laurel St., Bristol, Conn. 

Thordarson-Meissner Mfg. Divs., Mt. Carmel, til. 

United Tronsformer Co., 150 Varick St., New York 
13, N. Y. 
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NUCLEAR AND ALLIED PRODUCTS 


TRANSFORMERS—Voltage 
Regulating 

Acme Electric Corp., 31 Water St., Cuba, N. Y. 

Airpax Products Co., Middle River, Baltimore 20, 
Md 

Allied Radio Corp., 833 W. Jackson Bivd., Chicago 
7, m. . 

Allis-Chalmers Mfg. Co., 935 S$. 70th St., Mil- 
waukee 1, Wis 

Atlas Coll Winders, Inc., 392 State St., Stamford, 
Conn. 

Sue | Electric Mfg. Co., 52 lowa-Ave., Paterson 3, 
N. 


Eisler a Co., 760 S. 13th St., Newark 3, 
N. J. 


Electronic Transformer Co., Inc., 215 W. 25th St., 
New York, N. Y 
Ferranti eg Inc., 
York 20, N. 

General Radio a 
bridge 39, Mass. 

Halidorson Transformer Co., 4500 N. Ravenswood 
Ave., Chicago, Il. 

Hevi Duty Electric Co., 
Milwaukee 1, Wis. 

Highland Engineering Co., Main St. 
Westbury, N. Y. 

Inet, Inc., 8655 S. Main St., 

K-V Transformer Corp., 20 E. Franklin St., 
Conn 

Langevin Mfg. Corp., 37 W. 65th St., 
23, N. ¥ 

Magnetics, inc., Box 230-A, Butler, Pa. 

Raytheon Mfg. Ce., Equipment Sales Div., 


54, Mass 
Sola Electric Co., Chicago 50, 
mW 


30 Rockefeller Plaza, New 


275 Massachusetts Ave., Cam- 


4212 W. Highland Bivd., 
& Urban Ave., 


los Angeles 3, Calif. 
Danbury, 


New York 


Waltham 


4633 W. 16th St., 


Specialties, inc., Skunks Misery Rood, Syosset, 
N. ¥ 


Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 

Standard Transformer Corp., 3580 N. Elston Ave., 
Chicago 18, Ii! 

Thordarson-Meissner Mfg. Divs., Mt. Carmel, til. 

Transformer Specialty Co., Bala-Cynwyd, Pa. 

= —— Co., 150 Varick St., New York 


weston ‘Guectaicat 
Frelinghuysen Ave., 


102 


INSTRUMENT CORP., 614 
Nework 5, N. J. ADV. PG. 


TUBE FITTINGS See FITTINGS—Flared Tube 
TUBES—Electron 


See also DIODES—Germanium 

THERMISTORS 

(a) Electrometer (f) Rectifying 

(b) Ignitron (g) Thyratron 

{c) Photomultiplier (h) Voltage Regulating 
(d) Power (i) X-Ray 

fe) Receiving 

Allied Redio Corp., 833 W. Jackson Bivd., Chicago 
7, Ul. a-b-c-d-e-f-g-h-l 

Amperex Electronic Corp., 230 Duffy Ave., Hicks- 
ville, N.Y. b-d-f-g-h-i 

ANTON ELECTRONIC LABS., INC., 1226-38 Fiush- 
ing Ave., Brooklyn 37, N. Y. c-h. ADV. PG. 
136 

Bomac Leboratories, Inc., Salem Rd., Beverly, Mass. 
Q 

Chietham Electronics Corp., 475 Washington St., 
Nework 2, N d-e-f-g-h 

Cinema Television Ltd., Worsley Bridge Rd., Lon- 
don, S. E. 26, England. 

aeeaee Mfg. Co., Inc., Dover, New Hampshire. 

Devil ght Vacuum Products ys , 5207 N. Milwaukee 
Ave., Chicago 30, Ill. b-c 

DuMont Labs., Inc., Allen 8., 
Clifton, N i. c 

Eitel-McCullough, Inc., San Bruno, Colif. d-f 

Electric & Musical Industries, Lid., Hayes, Middle- 
sex, England. c-d-e-f 

Electronic Products Co., 111 E. Third St., 
Vernon, N h 

Electrons, Inc., 


1000 Main Ave., 


Mount 
127 Sussex Ave., Newark 4, N. J. 
d-f-g 
Federal Telephone & Radio Corp., 100 Kingsland 
Rd., Clifton, N. J. d-f 
Tube Dept., 


Genere! Electric Co., 
7 a-b-d-e-f-g-h 

Heintz & Kavfmon Div., The Robert Dollar Co., 

947 Broadway, Redwood City, Calif. d-f 


Schenectady 5, 


VALVES 





Marconi oe ar Utd., 23-25 Beaver St., New 
Y ¥. 
mee Overseas itd., Century House, Shaftesbury 
London W. C. 2, England. o-b-d-e-f-g-h-i 
crm “American Philips e inc., 100 E. 42nd St., 
New York 17, N. Y. 
leor vy “ae oe P. O. Box 7034, 
, Kansas we h 
ltd., 77 


King's aS, london S. W. 3, England. hb 
Phoenix Precision “«~2ry Co., 3803-05 N. 5th 
St., Philadelphia, Po. 
Picker x- ow Corp., 25 S. y White Plains, 
, ea 


DIO cone. OF AMERICA, RCA VICTOR DIV., 
as a DEPT., Camden, N. J 
c-d-e-f-g-h. Vv. 13 

mae corr. OF ? aimenta. = DEPT., Harrison, 
N. J. b-c-d-e-f-g-h. ADV. 93 
— Corp., 4245 N. Knox a» Ae Chicago 41, 





iH. 

ination Mfg. = , Equipment Sales Div., Waltham 
54, Mass. d-e-f-h 

RAYTHEON MFG. CO., SPECIAL TUBE SECTION, 55 
Chapel ie Newton 58, Mass. o-d-e-f-g-h. 
ADV. PG. 

Red Bank Division, 
town, N. J. e-f-h 

Sylvania Electric Products, Inc., 
New York 19, N.Y. d-e-f-g-h 

Tung-So! Electric, inc., 95 Eighth Ave., Newark 4, 
N. J. c-o-f 

Twentieth Century Electronics, Ltd., Dunbar Works, 
Dunber St., West Norwood, London, S. E. 27, 
England. i 

Universal X-Ray Products, Inc., 
Ave., Chicago 22, Ill. i 

VICTOREEN INSTRUMENT CO., 3800 hry Ave., 
Cleveland 14, Ohio. a-e-f-h. ADV. PG. Inside 
Front Cover 

Western Radiation tab., 
Angeles 27, Calif. h 

Westinghouse Electric Corp., 
P. O. Box 284, Elmira, N. Y. 

X-Ray Department of General Electric Co., 
Electric Ave., Milwaukee 1, Wis. | 


TUBING—Glass 


Bache & Co., Semon, 
York 14, N. Y. 
Corning Giass Works, Corning, 
Daylight Vacuum Products Co., 
Ave., Chicago 30, II. 
Fischer & Porter Co., 50 County Line Rd., Hatboro, 


Bendix Aviation Corp., Eaton- 


1740 Broadway, 


1140 N. Western 


1107 W. 24th St., Los 


Electronic Tube Div., 
b-c-d-e-f-g-h-i 
4855 


636 Greenwich St., New 


N. Y. 
5207 N. Milwaukee 


Pa. 

Hickey Inc., Fred $., 5041 W. Lake St., Chicago 
44, Wil. 

Fredericks Co., George E., Bethayres, Pa. 

KONTES GLASS CO., Spruce St., Vineland, N. J. 
ADV. PG. 126 

Milwaukee Glass Works, Inc., 
Milwaukee, Wis. 

Phoenix Precision Instrument Co., 3803-05 North 
5th St., Philadelphia, Pa. 

Special Gloss Products Co., 
York, N. 

Yonkers Laboratory Supply Co., 70 Polisade Ave., 
Yonkers 2, N. 


TUBING—Metal and Alloy 


Alloy Tube Division of Carpenter Stee! Co., Union, 
N. J. 


2338 N. 30th St., 


2 W. 33rd St., New 


Alpha Metals,  : P. O. Box 34, 56 Water St., 
Jersey City i. 
Aluminum Ce. -" America, 801 Gulf Bidg., 


laterbury 20, Conn. 
American Smelting * Refining €e., 120 Broadway, 
New York 5, N. Y. 


Pitts- 


TUBING—Plastic 


Anchor agg Co., Inc., 
York 13, N. 
Consolidated boien Supply Co., Inc., 
St., New York, N. Y. 
Centinental-Diamond Fibre Co., Nework, Delawore 
Fisher Scientific Co., 709 Forbes Ave., Pittsburgh 


19, Pa. 

General Electric Co., Chemical Plastics 
ttsfield, 

322 Bush St., Olean, 


541 Cano! St., New 


24 Wooster 


Div., 1 
Ave., Pi 
Houghton Laboratories, ‘Inc., 


N. 

Irvington Varnish & Insulator Co., 
rece, Irvington, N. J 

Keller Products, Inc., Manchester. 

Keystone oe Corp., 423 eee St., New 
York 13, 

National Netenaines Fibre Co., Wilmington 99, Del. 

— Corp., 211 Randolph Ave., Woodbridge, 


Panes ‘Enainerig Equipment Co., Inc., Elizabeth, 
N. 


10 Argyle Ter- 


Penn Fibre & Specialty Co., 2020 E. Westmoreland 
St., Philadelphia 34, Pa. 

Polymer Corp. of Penna., The, Reading, 

Spoviding Fibre Co., Inc., 310 Siccue St., 
Tonawanda, N. Y. 

Synthane Corp., River Road, Ooks, 

be ig Chromium, inc., 100 E. tied 3 St., New York, 


u. ‘. Gaseer CO., 602 N. 10th St., Camden, N. J. 
1 
1°30 Avenue of the Americas, 
Y. 


U. S$. Stonewore Co., The, Akron 9, Ohio 
Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


TUBING—Rubber 


American yy Service Corp., 
Harrison, 7% 

Auburn Mfg. 500 

Fisher conane ‘Co., 709 Forbes Ave., 
19, Pa. 

Garlock Packing Co., Palymyra, N. Y. 

General Electric Co., Chemcicl Div., | Plastics Ave., 
Pittsfield, Mass. 

Goodyear Tire & Rubber Co., Akron, Ohio 

Republic Rubber Division of Lee Rubber & Tire 
Corp., Youngstown, Ohio 

U. S. Rubber Co., a Avenue of the Americas, 
New York 20, N. 

Yonkers wy ES Co., 70 Palisade Ave., 
Yonkers 2, N. 


TUBING—Seamless 


American Brass _— Waterbury 20, Conn. 
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161 E. 42nd St., 


600 Essex St., 
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Pittsburgh 


Broadway, 
New 


Pa. 
, 30 Grand St., Bridgeport 2, 
Conn. 

Chese Brass & Copper Co., Inc., Waterbury 20, 
International Nickel Co., Inc., 67 Well St., New 
York 5, N. Y. 

ee Tube Co., , Lansdale, Pa. 
vere Copper 4 Ne “inc., 230 ‘Park Ave., New 
sacenert 17, N. 
SUPERIOR wee. co., 2510 senators Ave., Nor- 
ristown, Pa. ADV. PG. 
Yonkers ea | Supply a 70 Palisade Ave., 
Yonkers 2, N. 


UTENSILS—Laboratory 
Aloe Scientific Div. of A. S. Aloe Co., 5655 Kings- 
Peet A Bivd., St. Lovis 12, Mo. 
d Si Inc., 24 Wooster 





Astell & Co., Inc., John 8., 90 West Broodway, 
New York 7, N. Y. 
as yt & Wilcox Co., 161 E. 42nd St., 
17, N. 
Bishop & a. 4, 
Bridgeport Brass ma ‘0 ‘ene St., Bridgeport 2, 
Conn. 
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Conn. 
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St., New York, N. 
Kinzie St., Chicago 22, 


— lead Co., to8 Ww. 
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Carbon Corp., Kokome, Indiana 


New York 


Tenn. 


Inc., 24 Wooster 





HIGH VOLTAGE ENGINEERING CORP., 7 Uni y 
Rd., Cambridge 38, Mass. f. ADV. PG. 20 
Huggins Laboratories, 734 Hamilton Ave., Menlo 

Park, Calif. @ 

Hytron Radio & Electronics Co., 
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Danvers, Mass. d-e-f- 

Lewis & Kaufman Inc., P. O. Box 337, Los Gatos, 
Calif d-f 

Machlett Leboratories, Inc., 1063 Hope St., Spring- 
dale, Conn. d-f-g-i 


A Div. of Columbia 
100 Endicott St., 


| Nickel Co., Inc., 67 Wall St., New 


York 5, | Y. 
Makepeace Co., D. E., Attleboro, Mas 
11 Broadway, vil York 6, 


National Lead ‘Line 
N. Y. 

Precision Tubs Co., Inc., Lansdale, Pa. 

Revere Copper ° Brass, Inc., 230 Park Avenue, New 
York 17, N. 

SUPERIOR ‘U8e. co., 2510 Germantown Ave., Nor- 
ristown, Pa. 5 

Wirz, Inc., A. H., Chester, Pa. 
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= New York, ¥. 
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Eimer & Amend Div. 

Greenwich St., New York, N. 
— Scientific Co., 709 Forbes “Ave., Pittsburgh 
Goodrich ‘Ce., , Akron, Ohio 
Humboldt Mfg. «Se 2ei4 } N. Whipple St., Chicago 


47, iW. 

Precision Scientific Co., 3737 W. Cortland St., 
Chicago 47, It. 

Welch Scientific Co., W. M., 1515 Sedgwick St., 
Chicago 10, til. 

Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


VALVES—Acid Proof 

General Ceramics & Steatite Corp., 
Road, , N. J. 

U. $. Stoneware Co., Akron 9, Ohio 

VALVES—Control 


Alco Valve Co., 865 Kingsland Ave., St. Levis 5, 


250 Crows Mill 


Mo. 
American Oxygen Service Corp., 600 Essex 5St., 
Harrison, N. J. 
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VALVES 





Anderson Valve Works, 9th & Adams Ave., Marion, 


Ind. 

ASSOCIATED VALVE & ENGINEERING CO., 1150 
W. Marquette Rd., Chicogo 21, Ill. ADV. PG 
132 

Asteli & Co., Inc., 
New York 7, N. 

Automatic Temperature Contro! Co., 
laski Ave., Philadelphia 44, Poa 

BAR-RAY PRODUCTS, “. 209 25th St., 
2, N. Y. ADV. 12 

Bristol Co., The, Shsedinns 20, Conn 

Conoflow Cor p., 2100 Arch St., Philadelphia 3, Pa. 

Daylight Vacuum Products €e., 5207 N. Milwaukee 
Ave., Chicago 30, Ill. 

Denison Engineering Co., 
bus, Ohio 

Eclipse Fuel Engineering Co., 
Rockford, Ii. 

Fairbonks Co > 
N. 


John B., 90 West Broadway, 
‘ 


inc., 5206 Pu- 


Brooklyn 


1186 Dublin Rd., Colum- 


705 S. Main St., 


The, 393 Lofayette St., New York 3, 


Ford instrument Co., 31-10 Thomson Ave., Long 
Island City, 

Foxboro Co., 38 Neponset Ave., Foxboro, Mass. 

Fulton Sylphon Division, Robertshaw-Fulton Con- 
trols Co., Knoxville 4, Tenn. 

Genera! Controls Co., Glendale 1, Calif. 

General Regulator Corp., 165 Broadway, New York 
é &.. ¥. 

Hammel-Dah! Co., 175 Post Rd., (Warwick) Prov- 
idence 5, R. |. 

Hoppe Engineering Co., 1 High St., 
Imperial Bross Mfg. Co., 1200 
Chicago 7, Ill. 
Johnson Service Co., 
woukee 2, Wis 
Keckley Co., O. C., 400 Madison St., Chicago 6, II! 
Kieley & Meuller, Inc., North fergen, a 
Lapp Insulator Co., Inc., 31 Gilbert St., 

N.Y 


Linde Air Products Co., Div. of Union Corbide & 
en Corp., 30 E. 42nd St., New York 17, 


Greensboro, Ind. 
W. Harrison St., 


507 E. Michigan St., Mil- 


LeRoy, 


pb Honeywell Regulator Co., 2753 Fourth 


Ave. S., Minneapolis, Minn. 
MINNEAPOLIS-HONEYWELL REGULATOR co., 
Wayne & Roberts Aves., Philadelphia 44, Pa. 
ADV. PG. 29 
Numatics, 106 S$. Main St., 
Pabst Engineering Equipment Co., Inc., 
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Milford, Mich. 


BAR-RAY PRODUCTS, Brooklyn 
32, N. Y. ADV. 

Century mee & Ventilator Co., 
ford, 

Hirschman- Pohle Co., 
N. Y. 


INC., 209 25th St., 
112 


25 Cedar St., Stam- 


Inc., 115 Lent Ave., LeRoy, 


lg Electric Ventilating Co., 2850 N. Crawford 
Ave., Chicago 41, 

lona Ventilator Co., 
Philadelphia, Pa. 

Jordon & Co., Paul R., 
indianapolis, Ind. 

MINE SAFETY APPLIANCES CO., 201 5 Si acaae 
Ave., Pittsburgh 21, Pa. ADV. PG. 

— feces Equipment Co., me Bh "Fllsabeth, 


Inc., 2829 W. Dauphin St., 
E. South & New Jersey, 


hn Ventilator Co., la Grange, 
Western Engineering & Mfg. Co., 
Ave., Venice, Calif. 


VOLTMETERS—Electronic 


Airmec Laboratories, \td., High Wycombe, Buck- 
inghamshire, England ~ 

American Chronoscope Corp., 
Mt. Vernon, N. 

Audio Instrument Co. , 133 W. 
11, N. Y. 

Baldwin instrument Co., 
Dartford, Kent, England 

Ballantine Laboratories, inc., Boonton, 

Bristol! Co., The, Waterbury 20, Conn. 

Cc. G. $. Laboratories, inc., 391 Ludiow St., 
ford, Conn. 

COLE, \TD., E. K., 


ind. 
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316 W. First St., 


14th St., New York 


ltd., Brooklands Works, 


«6. J, 
Stam- 


Electronics Div., Malmesbury, 
Wiltshire, England. ADV. PG. 28 

Daven Co., 191 Central Ave., Newark 4, N. J. 
Douglas Radio Labs., 176 Norfolk Ave., Boston 19, 
New York 


Mass. 
Electro-Mec Laboratory, 19 Murray St., 
Y 


Electronic Instrument Co., Inc., 276 Newport St., 
Brooklyn 12, N. Y 
Electronic Measurements Co., 
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Fluke Engineering a John, 
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Freed emma Ce. 
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ter, N. Y. 
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Walworth Co., 60 E. 42nd St., 
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VALVES—Vacuum 


American Oxygen Service Corp., 600 Essex St., 
Harrison, N. 

ASSOCIATED VALVE & ENGINEERING co., 1150 
Marquette Rd., Chicago 21, Ill. ADV PG. 132 

Bristol Co., The, Waterbury 20, 

Conoflow Corp., 2100 Arch St., Philodetphi 3, Pa. 

— Vacuum Products Co., 5207 N. Milwaukee 
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New York 17, N. Y. 
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trols Co., Knoxville 4, Tenn. 

Hamme!-Doh! . , 175 Post Rd., 
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HIGH VOLTAGE ‘ENGINEERING CORP., 7 University 
Rd., Cambridge 38, Mass. ADV. PG. 20 

High St., 


Robertshaw-Fulton 


(Warwick) Prov- 


Hoppe Engineering Co., 1 Greensboro, 
nd. 

Imperial Brass Mfg. Co., 
Chicago 7, Ill. 
Keckley Co., O. C., 

6, i 


1200 W. Harrison St., 


400 W. Madison St., Chicago 
Kieley & Mueller, Inc., North Bergen, N. J 
KINNEY MFG. CO., 3529 Washington St., 
Mass. ADV. PG. 95 
NATIONAL RESEARCH CORP., 
Cambridge 42, Mass. ADV 
OPTICAL FILM ENGINEERING CO., 
6th St., Philadelphia 33, Pa. 
Red Bank Division, 
town, N. 
STOKES MACHINE CO., F. J., er a 
P. O., Philadelphia 20, Po. ADV. PG. 
Vacuum-Electronic Engineering Co., 86 as ye 7 
New Hyde Pork, N. Y. 


VENTILATORS 


Accurcte Sheet Metal & Mfg. Works, 
waukee Ave., Chicago 47, Ill. 
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Boston, 
70 *< w Drive, 
PG. 

"731-37 N. 


ADV. PG. 106 
Bendix Aviation Corp., Eaton- 


2336-38 Mil- 


General Radio , 4, * 275 Massachusetts ye Cam- 
bridge 39, Mass. 

Heath Co., Benton Harbor, Mich. 

Hewlett-Packard Co., 395 Page Mill Rd., Palo Alto, 
Calif. 

industrial Control Co., Straight 
Ave., Wyandanch, 

a a eo 2432 Grand Concourse, New 
York 58, 

Keithley atoms, 
land, 

Leland Solio Ltd., 
Ss. W. 1, England 

Measurement Engineering Ltd., 


Peth & Arlington 
3868 Carnegie Ave., Cleve- 
22-23 Millbank, London, 
Arnprior, Ontario, 


N. J. ADV. PG. 


nada 
MEASUREMENTS CORP., Boonton, 
96 


Box 450, Red Bank, N. J. 
Instruments Co., 106 


Mercury Electronic Co., 

Metropolitan Electronics & 
Fifth Ave., New York 11, N. Y. 

Phaostron Co., 151 Pasadena Ave., South Pasadena, 
Calif. 

Precision Apparatus Co., Inc., 92-97 Horace Hard- 
ing Bivd., Elmhurst, N. Y. 

Radio City Products Co., ‘Inc. , 152 W. 25th St., 
York 1, 

RADIO Corr. OF AMERICA, TUBE DEPT., Harrison, 

Vv. 93 


Cambridge 39, 


New 


- em St., 
PG. 


Sierra Electronic — ae Carlos, Calif. 
Simpson Electric Co., Div. of American Gage & 
Machine Co., 5208 W. Kinzie St., Chicago 44, Ill. 
Southwestern Industrial Electronics Co., 2831 Post 
k Rd., P. O. Box 13058, Houston 19, Texas. 
Square Root Mfg. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 

Sylvania Electric eet Inc., 
New York 19, 
Telectro Saduanion” 
Island City 1, N 
Triplett Electrical eee Co., 

Bluffton, Ohio 
Waveforms, inc., 333 Sixth Ave., New York 14, 


204 5S. 


1740 Broadway, 


Corp. 35-18 37th St., Long 


286 Harmon Rd., 


lobs., 
Calif. 
1107 W. 24th St., Los 


N. Y. 
Western-Electro-Acoustic Beverly 
Drive, Beverly Hills, 
Western Radiation Lab., 
Angeles 27, Calif. 
Western Sound & pase Labs., inc., 805 S. Fifth 
St., Milwaukee 4, 
WESTON SLECTRICAL */NSTRUMENT corP., 614 
Frelinghuysen Ave., Newark 5, N. J. ADV. PG. 
102 


WASHERS—tLaboratory Glassware 


Aloe Scientific Div. of A. S$. Aloe Co., 5655 Kings- 
bury Bivd., St. Lovis 12, Mo. 


Boekel & Co., 509-519 Vine St., Phila- 
delphia 6, 


‘a. 
Colloid Equipment Co., Inc., 50 Church St., New 
York 7, N. Y. 
of at Scientific Co., 635 
¥. 


inc., Wm., 


Eimer & Amend Div. 
Greenwich St., New York, N. 
- pre Co., 709 laches Ave., Pittsburgh 


tteleiche instruments, 2035 Harding St., Hollywood, 

la. 

Yonkers Laboratory Supply Co., 70 Palisade Ave., 
Yonkers 2, N. Y. 


WATER CONDITIONERS 


Allied Chemical & Dye Corp., “oa Process Div., 
61 Broadway, New York 6, N. Y. 

Alrose Chemical Co., Box 1294, Providence, R. |. 

BAR-RAY PRODUCTS, INC., 209 25th St., Brooklyn 
32, N. Y. ADV. PG. 1i2 

Bogue Electric Mfg. Co., 52 lowa Ave., Paterson 

3. 

Crystal gn Laboratories, Inc., 33 Allyn St., 
Hartford, \. 

Illinois Water ‘Wastuen Co., 858 Cedar St., 
ford, Il. 

Infilco, Inc., P. O. Box 5033, Tucson, Ariz. 
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Rock- 
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Permutit Co., 330 W. 42nd St., New York 36, N. Y. 


WAXES 

Biwax Corp., 3445 Howard St., Skokie, Ill, 

Cooper > , D. C., 1467 S. Michigan Ave., Chi- 
cago, til. 

DISTILLATION PRODUCTS INDUSTRIES, A Division 
of Eastman Kodak Co., Rochester 3, N. Y. ADV. 


. 91 
du Pont De Nemours & Co., Inc., E. 1., Wilmington 


8, 
a Products Co., Inc., 26 Court St., Brooklyn 2, 
2 
gh, N. Y. 


Brooklyn 32, 


mastic Tile Corp. of America, Newbur, 
Zophar Mills, inc., 112-130 26th St., 
N. Y. 


WiNDOWS—Mica 


Ashville-Schoonmaker Mica Co., Inc., 
New York 13, Y 


WIRE—Slide, Calibrated 


Barnes nage gd Co., 213 W. Baltimore Pike, 
Lansdowne, 

Square Root fe. Corp., 391 Saw Mill River Rd., 
Yonkers, N. Y. 


X-RAY DIFFRACTION APPARATUS 


Bracke-Seib X-Ray Co., Inc., 293 Third Ave., New 
York 10, N. 

CENTRAL RESEARCH mm 
Wing, Minn. ADV. . 118 

Daylight Vacuum even Ca. ., 5207 N. Milwavkee 
Ave., Chicago 30, Ill. 

Jarrell-Ash Co., 165 WNeuberry St., 
Mass. 

North American Philips Co., 
New York 17, N. Y. 

Nucleonics & Radiol | Devel 
King’s Rd., London S. W. 3, Engla 

— bn Ray Corp., 25 S$. Broadway, Wie Plains, 


62 Worth St., 


INC., Red 


Boston 16, 
Inc., 100 E. 42nd St., 
ltd., 77 





St. qe X-Ray Laboratory, Califon, N. J. 

Twentieth Century Electronics, Ltd., Dunbor Works, 
Dunbar St., West Norwood, London, s. & 27, 
England 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Cleveland 14, Ohio. ADV. PG. Inside Front 
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X-Ray Department of General — Co., 4855 
Electric Ave., Milwaukee 1, 


X-RAY EQUIPMENT Industrial 


BAR-RAY PRODUCTS, INC., 209 25th St., 
32, N. ¥. ADV. PG. 112 

Bracke- Seib X- —_ ‘Co. ., Inc., 293 Third Ave., New 
York 10, N. 

CANADIAN RADIUM & URANIUM ig 630 Fifth 
Ave., New York 20, N. Y. ADV. PG. 116 

Dallions Labs., 5066 Santa Monica Bivd., Los An- 
geles, Calif. 

Falk & Co., oe, M., 
Ss. W. 1, Englan 

HIGH VOLTAGE ENGINEERING CORP., 7 Uni- 
versity Rd., Cambridge 38, Mass. ADV. PG. 20 
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N 
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5 Victoria St., London, 


St. John X-Ray Loboratory, Califon, N. J. 
— X-Ray Products, Inc., 1140 N. Western 
ve., Chicago 22, Ill. 

VICTOREEN INSTRUMENT CO., 3800 Perkins Ave., 
Clevelond 14, Ohio. ADV. PG. Inside Front 
Cover 

X-Ray Department of General 
Electric Ave., Milwaukee 1, 


X-RAY TUBES 
See Tubes, X-Ray 


aoe Co., 4855 
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MODEL 512 


yY FIRST scaler to incorporate a self contained 
linear amplifier and continuously variable 
500 to 5000 volt high voltage supply making 
it suitable for use with ALL types of counters. 





MODEL 1200 


Y FIRST instrument to feature interchangeable 
decimal counting units (furnished with your 
choice of RIDL, Berkeley, or Detectron). For 
use with ALL types of counters. 


MODEL 16 


yY FIRST completely new scintillation scaler. The 
Model 16 is NOT just a conventional scaler 
with a new knob; it introduces a new concept 
in scintillation apparatus. The high voltage 
supply is extremely well regulated, only a 
.01% change for a 95 to 130 volt change in 


line voltage. 


MODEL 66 


yY FIRST complete laboratory type scaler to be 


offered for the incredibly low price of $250. 
We will match this scaler against any on the 
market today selling at twice the price. 


For complete information, write for 
Catalog Number 4 


) a Sbihiinnind Development Laboratory 


2337 W. 67th Street Cable Address: RADILAB Chicago 36, Illinois 





NEW nuclear SCALER 


Model 182 


with these OUTSTANDING ADVANTAGES FOR YOU: 


You can be sure of higher accuracy in your counting work, with the greater depend- 
ability, greater flexibility, and greater convenience built into Nuclear’s completely 
re-engineered Model 182 scaler. 


@ Wide sensitivity range with linear amplification free circuit having less than .002% change in 
from | millivolt to 1 volt handles proportional, high voltage for a 1% line voltage change. 
scintillation, and geiger counters. Potted high voltage transformer assures long 

@ New wide range amplifier circuit has a rise We te any Cantal egaeiten, 
time of less than 0.2 microseconds, overshoot @ New switch arrangement provides Standby 
less than 10%, and a large dynamic range H. V. and 60-Cycle Test positions. 
to eliminate D.C. level shift. Cathode follower @ Built-in register and timer electrically reset for 
circuit provides low capacity input and elec- added convenience. 
tronic cut-off to prevent overloading. @ Chassis slope-mounted in cabinet for easier 

@ Choice of 500 to 5000 or 500 to 2500 volts reading — may be installed in relay rack if 
continuously variable to meet your needs. Drift- desired. 

Write today for full information about Nuclear’s Model 182 Scaler. 


nuclear INSTRUMENT & CHEMICAL CORPORATION 


235 West Erie Street . Chicago 10, Illinois 
Branch Offices 
New York, New York — Los Angeles, California — Silver Spring, Maryland 
Export Department : Cable Address: 
13 E. 40th Street, New York 16, N.Y. Arlab, New York 


® Scaling Units for Every Type of Radiation Counting ® Glass Wall, Mica Window, and Windowless 
@ Complete “Packaged” Counting Systems ® Portable Count Rate Meters 
® Health Monitoring Instruments for Personnel Protection ® Radioactive Chemicals 

© Complete Line of Accessories for the Nuclear Laboratory 


nuclear «precision INSTRUMENTATION FOR NUCLEAR MEASUREMENTS” 





